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O (54 Title: NEW USE OF DIPEPnDYL PEPTIDASE IV INHIBnORS 

Abstract: Tlie present invention provides a new nse of DPIV-inhibitQis. The oompoonds of the present invention, and dieir 
conesponding phannacenticaUy acceptable acid addition salt f onns, are nseful in treating conditions mediated by DFIV or DnV-Bke 

Q enzymes, such as immune. antDimmune or central nervous system disorder selected fix>m the group consisting of strokes, tnmors, 
ischemia, Parkinson's disease and nugraines. In a more prefetred embodiment, the conipoands of the present invention are osefhl 

^ for the treatment of nmlt^le sdmsis. 
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New Use Of Dlpeptidyl Peptidase IV Inhibitors 

FIdd Of The Invention 

The present invention relates to inhlbitoi^ of dipeptidyl peptidase IV and 
dipeptidyi peptidase N-Vke enzyme activity and, more particularly, phamnaceutical 
compositions containing said compounds, and the" use of said compounds for the 
treatment of central nervous disorders, immune and autoimmune disorders. The 
present invention eqpedaily provides a method for the treatmmt of multiple sclerosis. 

Background Art 

Dipeptidyl peptidase IV (DPiV) is a serine protease which cleaves N-terminal 
dipeptides from a peptide chain containing, preferably, a proline residue in the 
penultimate position. Altiiough tiie biological role of DPIV in mammalian systems has 
not been completely eslBblished, it is believed to play an important role in 
neuropeptide metabolism, T-cell activation, and the enty of HIV Into lymphoid cells. 

Likewise, It has been discovered ttiat DPIV is responsible for inactivating 
glucagon-iike peptide-1 (QLP-1) and glucose-dependent Insuiinotropic peptide also 
known as gastrio-inhibltoty peptide (GIP). Since GLP-I is a major stimulator of 
pancreatic insulin secretion and has direct benefldal efiiscte on glucose disposal, in 
WO 97/40832 and US 6,303,661 inhibition of DPIV and OPiV-Bke enzyme activity was 
shown to represent an attractive approach for treating non-insulin-dependent diabetes 
mellltus(NIDDiM). 

The present Invention provides a new use of DPIV-inhibitors for ttie prophylaxis 
and b-eatment of conditions mediated by inhibition of DPIV and DPIV-IIke enzymes, in 
particular ttie prophylaxis and treatment of neuronal disorders and immune disorders 
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including muitipie sderosis, and phannaceutical compositions e.g. useful in Iniiibiting 
DPIV and DPIV-IHce enzymes and a metiiod of inhibiting said enzyme activity. 

Tills Invention relates to a metiiod of treatment, In particular to a metiiod for the 
prophylaxis and treatment of coitral nervous disorders, Immune and autoimmune 
disorders, espedaiiy multiple sclerosis and to compounds and compo^ons for use In 
such method. Dipeptidyl pepUdase IV (DPIV) Is a post-projine (to a lesser extent post- 
alanine, post-serine or post-glydne) cleaving serine protease found In various tissues 
of the body including iddney, liver, and intestine. 

It Is known that DPiV-lnhibltors may be useful for the treatment of impaired 
glucose tolerance and diabetes meltitus (International Patent Application, Publication 
Number WO 99/61431, Pederson RA et al, Diabetes. 1998 Aug; 47(8):1 253-8 and 
Pauly RP et al, Metabolism 1999 Mar, 48(3):385-9). In particular WO 99/61431 
discloses DPIV-lnhibitors comprising an amino add residue and a thiazolldine or 
pyndidine group, and salts thereof, espedaiiy L-tfi/eo-isoleucyi thiazolldine. L-allo- 
"isbieucyl Ihlazolldinei L-tf>reo-isoleu(^ pynoKdine, L-^2fo*isoieucyl thiazolldine, L-affo- 
Isdeucyi pyrrolidine, and salts ttiereof. 

Further examples of low molecular weight dip^tidyl peptidase IV inhibitors are 
agente such as tetrahydroisoquinolin-3-carboxamide derivatives, M-sUbstituted 2- 
cyanopyroles and -pyrrolidines, N-(N'-substltuted gly(^)-2-<^nopynolidines, N- 
(substituted glycyi)-thiazoiidines, {^(substituted giyc^lH-c^anothiazolidhies, amino- 
acyl-borono-prolyi-inhibitors and cydopropyl^sed pyrrolidines. inhibitoiB of dipeptidyl 
peptidase IV are described In US 6,01 1,155; US 6,107,317; US 6,110,949; US 
6,124,305; US 6,172,081; WO 99/61431, WO 99/67278. WO 99/67279, DE 198 34 
591, WO 97/40832, DE 196 16 486 C 2, WO 98/19998, WO 00/07617, WO 99/38501, 
WO 99/46272, WO 99/38501, WO 01/68603. WO 01/40180, WO 01/81337, WO 
01/81304. WO 01/55105. WO 02/02560 and WO 02/14271. the teachings of which are 
herein incorporated by refierence in their entirety concerning these inhibitors, their 
uses, definition and their produdion. 
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The term DPIV-like en^es relates to structurally and/or fiinctionaiiy 
DPIV/CD26-related enzyme proteins (Sedo & Malik, DIpeptidyl peptidase IV-IIke 
nrM3lecules: homologous proteins or homologous activities? Biochimica et Btophysica 
Acta 2001 , 36506: 1-10). In essence, this small group of enzymes has evolved during 
evolution to release H-Xaa4>ro-Dipeptktes and H-Xaa-Ala-Dipeptides from N-temninus 
of oligo- or polypeptides. They show the common fisature, that they accomotate In flie 
Pro-position also Ai, Ser, Thr and other amino acids with small hydrophobic skle- 
chains as, Gly or Vai. The hydroiytic efficacy is ranked Pro>Ala» Ser, Thr » Giy, Vai. 
Same proteins have been only available In such small quantities, tiiat only ttie post- 
Pro or post-Ala deavage could be established. While the protons: DPIV, DP II, FAPa 
(Seprase), DP 6, DP 8 and DP 9 are structurally related and show a high sequence 
tiomobgy of i attraction is an extraordinary functional DPIV-like ens^e, characterized 
by a similar activify and inhibitory pattern. 

Further DPiV-iIke enzymes are disclosed In WO 01/19866. WO 02/34900 and 
WO02/31134. WO 01/19866 discbses novel human dipeptidyl aminopeptidase 8 
(DPP8) wRh stnictural und functional simllaHties to DPIV and fibroblast activafion 
protein (FAP>. WO 02/34900 dlsctoses a novel dipeptidyl peptidase 9 (DPP9) with ' 
signified homology to the ambio acM sequences of DPIV and DR^ WO 02^1134 
disdoses three DPIV-iike enzymes, DPRP1, DPRP2 and DPRP3. Sequence analysis 
revealed, that DPRP1 is identical to DPP8. as disclosed in WO 01/19866. that DPRP2 
is Mentical to DPP9 and that DPRP3 is Identical to KIAA1492 as dlsck>sed In WO 
02/04610. 

Multiple sclerosis (MS) is a demyelinating disease of the central nervous 
system v\^tti a presumed autoimmune pattiogenesis Involving autoantigen-specific 
CD4^ T ceils and (^oklnes (Rohowsky-Kochan, C. Molinaro, D, and Cook, SD. 
Cytokine secretion profile of myelin basic protein-specific T cells in multiple sclerosis. 
Multiple Sclerosis 6. 69-77. 2001.). 
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The degeneration underlying MS results from degradation of the myelin sheath, 
an electrically insulating fatty layer that sumounds nerve fibers and pennits the rapid 
conduction of electrical signals. This loss of myelin can seriously impair the ability of 
neurons to conduct an electrical signal effectively. Symptoms will depend bn where in 
the central nervous system (CNS) the myelin loss occurs and, thus, which nerve 
pathways become impaired. 

The disease appears to be autoimmune in nature, i.e., the body's own immune 
system is responsible for the damage. The principal target of the autoimmune 
reaction appears to. be Myelin Basic Protein (MBP), although other MS antigens have 
been proposed, in the eariy stages of the disease, a type of CNS cell called an 
-oligodendrocyte can repair this damage and replace the lost myelin. However, these 
ceils can also be destroyed in MS and so sufferers may lose the ability to repair the 
damage over time, which allows ttie disease to progress. 

The mechanism of disease progression appears complex and several 
components of the immune system have been linked to tiie disease. While the 
underlying tissue damage appears to result predominantly from a T cell mediated 
response, antibodies against MS antigens are often present in the cerebrospinal fluid 
(CSF) and at active lesions. Antibodies are not nomnaliy present in the CSF and some 
dismption of the blood brain barrier (BBB), a protective membrane around the CNS, 
must also occur to allow antibodies, T ceils and macrophages to enter the CSF. This 
change in the pemneabiiity of the BBB appears to be one of the defining events in tiie 
development of MS. 

Activated macrophages secrete pro-lnfiammatory cytotdnes such as TNF-a and 
interferon-Y. leading to the production of destructive enzymes and free radicals. In 
addition to the complex nature of the immune response itself, the disease can also 
affect a number of targets. As well as the myelin sheatii, otiier cells such as 
astrocytes and microglia can be attadced, forming discreet regions of damage imown 
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as plaques or lesions. The lesions are also known as scleroses (henoe the name) 
and can occur in both the brain and the spinal cord. The sites of the lesions tend to 
be near blood vessels and are commonly found on the optic nerve, cerebellum, 
periventricular regions and spinal cord. 

The initial mechanism for the onset of disease remains largely unlcnown and 
the number of adive lesions at any given time is actually quite low. The 
heterogeneous nature of the disease and the number of dinical subtypes that this 
oeates suggest tiiat MS is probably a series of related conditions, rather than one 
disease. 

Summary Of The Invention 

The present invention provides a new use of DPIV-inhibltors. The compounds 
of formulas 1 to 12, and their con^esponding pharmaceutfcally acceptable acid addition 
salt forms, are useful in treating conditions mediated by DPIV or DPIV-like enzymes, 
such as immune, autoimmune or central nervous system disorders selected from the 
group consisting of strolces, tumors, Ischemia, Parkinson's disease, and migraines, in 
a more preferred embodiment, the compounds of the present invention are useful for 
the treatment of multiple sclerosis. 

Brief Description Of The Drawings 

Figure 1: liiustrates the dinical course of experimental autoimmune encephalomyelitis 
(EAE). The effects of different dosages of isoleuc^i thiazolldine fumarate on the 
clinical course of EAE in adult female Lewis rats were studied. Symbols represent 
means ± SEM of the mean dinical score per day. Two factor ANOVA for repeated 
measures revealed a significant interaction between the factors "treatment "dinical 
score over time" indicating that during the Initial acute phase of trie disease between 
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day 9-12(13), the DPIV Inhibitors aggravated the disease while during between day 
13-15 ttiey improved or accelerated recovery from disease. 

Figure 2: Illustrates the clinical course of experimental autoimmune encephalomyelitis 
(EAE) in isoleucyl thiazolidine fumarate treated rats split by days 10-15 post 
immunization. Separate one factor ANOVAs revealed significant disease-aggravating 
effect at the Img dosage on day 11 and 12 p.i., wtille the lOmg dose signtflcantly 
reduced clinical score at day 15 p.i. This Indicates that the inhibitor initial^ tends to 
aggravate the disease while at later stages it results in an accelerated recovery from 
disease. Columns represent means ± SEM of ttie mean dinical score per day. 
Asterisi<8 Indicate significant post-hoc effects In the PLSD test witfi *<0.05 and 
**<0.001. 

^JBgure 3: lilusbates the dinical course of experimental autoimmune encephalomyelitis 
(EAE). The effects of different dose^ of isoiew^ thiazolidine fumarate during 
ongoing disease (days 5-15 p.i.) on the clinical course of EAE in adult male Lewis rate 
were studied. Symbols represent means ± SEM of the mean clinical score per day. 
Two factor ANOVA for repeated measures revealed significant mein effects for the 
factor treatment and a significant interaction between the factors Ireatmenf and . 
"dinical score over time" Indicafir^ that treatment significantly modulated the course of 
the disease and furthermore Indicating that the different dosage act differentially. 
After Initiation of treatment moderate dosage act proinfiammatory and cause an 
"early peal^ or aggravation of disease. During the acute phase of the disease 
between day 9-13, high dose of isoleucyl tiiiazoiidine fumarate deariy improved the 
dinical courae 

Figure 4: Illustrates the dinical course of experimentel autoimmune encephalomyelitis 
(EAE) In Isoleucyl tiiiazoiidine fumarate treated rate split by days 10-15 post 
Immunization. Separate one fador ANOVAs revealed significant disease-aggravating 
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effect at the 1mg dosage on day 11 and 12 p.L, while the 10mg dose significantly 
reduced dinical score at day 15 p.i. This indicates that the inhibitor initially tends to 
aggravate the disease while at later stages it results in an accelerated recovery from 
disease. Columns represent means ± SEM of the mean cHnicai score per day. 
A8terisl<8 indicate significant post-hoc eff^ in the PLSD test with *<0.05 and 
**<0.001. 

Figure 5: illustrates the clinical course of e}q3erimental autoimmune encephalomyelitis 
(EAE). The effects of different dosages of isoleucyl thlazolldine fumarate Injected lev 
during ongoing disease (days 5-15 p.i.) on the clinical course of EAE In adult female 
Lewis rate were studied. Symbols represent means ± SEM of the mean clinicai score 
per day and group. Two fector ANOVA for repeated measures revealed significant 
main effects for the factor treatment and a significant interaction between th& fedors 
Ireabnenf x "clinicai score over time" indicating that treatment significantly modulated 
thd course of the disease. All dosages of ttie DPIV-inhlbitor^hibKsd ant-inflammatory 
eifecte with a delay of onset and an improvement of the clinical course. 



Detailed Description Of The invention 

The present invention relates to the area of dipeptid^ peptidase IV (DPIV) 
Inhibition and. more particulariy, to a new use of inhibitors of DPiV and DPN-%b 
mzyme activity fbr the prsvmition and treatment of neunonai and immune disorders, in 
particular for the treatment of multiple sclerosis, and phannaceutical compositions 
containing said compounds. 

In one illustrative embodiment, the present Invention relates to dipeptide 
compounds and compounds analogous to dipeptide compounds that are fonned from 
an amino add and a thiazoOdine or pyrrolidine group, and salts thereof, refmred to 
hereinafter as dipeptide compounds. 
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Especially suitable for tlie purpose according to the invention are dipeptide 
compounds in wliich tlie amino acid is preferably selected from a natural amino acid, 
sucii as, for example, leucine, valine, glutamine, glutamic acid, proline, isoieuclne, 
asparagines and aspartic acid. 

The dipeptide compounds used according to the invention exhibit at a 
concentration (of dipeptide compounds) of 10 pM, indicated in Table 7, a reduction in 
ttie activity of dipeptidyl peptidase iV or DPiV-analogous enzyme activities of at least 
10%, espedaily of at least 40 %. Frequently a reduction in activity of at least 60 % or 
at least 70 % is also required. Prefen^ effectors may also exhibit a reduction in 
activity of a maximum of 20 % or 30 %. 

Preferred compounds are L-a//o-isoleucyl thiazoiidine, L-tfi/ao4soieucyl 
pyiiolidine and salts thereof, especially the fumaric salts, and L-a/AMsoi^ucyl 
pyrroiidine and salts thereof. Espedaily preferred compounds are gluteimfh^ 
pyrrolidine and glutaminyl tiiiazolidine of fbmiuias 1 and 2: 




(1) 
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H2N CH 

CH2 

/ 

(2) 



Further preferrsd compounds are given in Table 1. 

Ttie salts of the dipeptide compounds can t)e present bi a molar ratio of dipeptide (- 
analogous) component to salt component of 1 : 1 or 2 : 1 . Such a salt Is, Ibr e)eample, 
(lle-Thia)2 fiimaric add. 



Table 1 : ^uctures of further prefemed dipeptide compounds 



Effector 



H-Asn"pyrroiid(ne 



H-^n-tiiiazoiidine 



H-Asp-pvnolidine 



H-Asp-thiazolidlne 



H-AspOMHOHV-Pvrroildlne 
H-/^p(NHOH)-thiazolidlne 



H-Glu-pyrroHdine 



H-Gtu-thiazolidine 



H-Glu(NHOH)-PVTOlidine 



H-Glu(NHOH)-thiazolldine 
H-Hls-pyrrolidlne 



H-His-thiazoiidine 



H"Pro-pvrroild{ne 



H-Pro-thiazoiidine 



H-lle-azidldins 



H-lle-pynoiidlne 
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H-L-allolle-thlazolldine 

H-Val-pyrrolidine 

H-Val^hiazolidine 

in anoltier preferred embodiment, ttie present invention provides peptide 
compounds of fonnuia 3 usefiii for competitive moduiation of dipeptidyl peptidase IV 
catalysis: 

(3) 

wtierein 

A, B, C, D and E are independentiy any amino acid moieties, inciuding 
proteinogenic amino acids, non-proteinogenic amino acids, L-amIno acids and D- 
amino acids and wherein E and/or D may be absent with additionai conditions as 
iiereinafier detaiied: 

Furttier conditions regarding fonnuia (3): 

A is any amino add except a D-amino add; 

B is an amino acid selected from Pro, Aia, Ser, Giy, Hyp, acetidlne-(2)rcarboxyiic 
add and pipecolic add, 

C is any amino add except Pro, Hyp, aoetidine-(2>-Gart)axyiic a(^, pipecolic add 
and wccept N-ail^ated amino adds, e.g. N-methyi valine and sarcosine, 

0 is any amino add or missing, and 

E is any amino add or missing 

or 
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C is any amino add except Pro, Hyp, acetidine-(2)-carboxyiic add, pipecoiic acid, 
except N-alicylated amino adds, e.g. N-methyl valine and sarcosine and except a D- 
amino add, 

D is an amino add selected fixxn Pro, Ala, Ser, Gly. Hyp, acetidine-(2)-carboxyllc 
add and pipecoiic acid, and 

E Is any amino add except Pro, Hyp, acetidine-(2)-carbo)^ic add, pipecoiic acid 
and except N-aikyiated amino adds, e.g. N-methyl valine and sarcosine. 

Examples of amino adds ttiroughout tiie claims and the description are: 
aspartic acid (Asp), glutamic add (Qlu). anginlne (Aug), lysine (Lys). Mstidine (His), 
giydne (Gly), serine (Ser) and cysteine (Cys), threonine (Thr), asparagine (Asn). 
giutamine (Gin), tyrosine (Tyr), alanine (Aia), proline (Pro), valine (Val), Isoleudne 
' (lie), leudne (Leu), methionine (Met), phenylalanine (Phe), tryptophan (Trp), 
h/drbxyproiine (Hyp), t)eta-alanine (betarAia), 2-amlho odanoic add (Aoa), azetidine- 
(2>GartX3}^ic add (Ace), pipeooflc add (Rp), 3-amino propionic, 4-amfno butyric and 
so forth, aipha^minoisobufyric add (Aib), sarcosine (Sar), omithine (Om), dtruiline 
(Cit), homoarginine (Har), t-butyialanine (M)uty(-Aia), t-butylgiydne (t-butyl-Giy), H- 
methylisoieudne (N-Melle), phenylglydne (Phg), cydohexyialanine (Cha), norleudne 
(NIe), cysteic add (Cya) and methionine sulfoxide (MSO), Acetyl-Lys, modified amino 
acids such as phosphoryl-serine (Ser(P)), benzyl-serine (Ser(BzO) and phosphoryl- 
tyrosine (Tyr(P)), 2-aminoi)utyric add (Abu), aminoethylcysteine (AECys), 
carboxymethyicysteine (Cmc), dehydroalanine (Dha), dehydroamino-2-butyric add 
(Dhb), carboxygiutaminlc add (Gla). homoserine (Hse), hydroxylysine (Hyl), cIs- 
hydroxyproline (c/sHyp), Inan^hydroxyproiine ((ransHyp), Isovallne (Iva), pyroglutamic 
acid (Pyr), norvaline (Nva), 2-aminobenzoic add (2-Abz), 3- aminobenzolc add (3- 
Abz), 4- aminobenz(^c add (4-Abz), 4-(amlnomefthyl)benzoic add (Amb), 4- 
(amlnomethyl)(7dohexanecarbo;^ic add (4nAmc), Penidilamlne (Pen), 2-Amino-4- 
cyanobutyrlc add (C%a), cycloai(»ne-carboxyilc aicds. 
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Examples of tn-amino acids are e.g.: S-Ara (aminoraleric add), 6-Ahx (aminohexanoic 
acid). 8-Aoc (aminooctanolc aicd), 9-Anc (aminovanolc aiod), 10-Adc (aminodecanoic 
acid), 11-Aun (aminoundecanolc acid), 12-Ado (aminododecanoic acid). 
Further amino acids are: indanylglycine (igi), indoiine-2-carboxyilc acid (Idc), 
octaliydrolndole-2-carboxylic acid (Oic). diaminopropionic acid (Dpr), diaminobutyric 
acid (Dbu), naplitylaianine (1-Nal), (2-Nal). 4-aminopiienyiaianin (Piie(4-NH2)), 4- 
benzoyiphenylalanine (Bpa), diphenylaianine (Dip), 4-bromophenylalanine (Phe(4- 
Br)), 2-dilorophenylaianine (Piie(2-Ci)), 3-chioroptienytalanine (Plie(3-Ci)), 4- 
chloropiienyialanine (Phe(4-Ci)), 3,4-ciiioroplienyialanine (Phe {3,4-Ci2)), 3- 
fluorophenyiaianine (Phe(3>F)), 4- fluoropiienyiatanine (Piie(4-F)), 3,4- 
fluorophenyialanine (Piie(3,4-F2)), pentafiuoropiienylalanine (PheCFs)), 4- 
"^^danidinopiienylalanine (Plie(4-guanidino)), iiomophenytalanine (hPhe), 3- 
v^odoplienylalanine (Phe(3-J)), 4 jodophenylalanine (Phe(4-J)), 4HDethylplienyiaianine 
(Phe(4-Me)), 4-nitrophenyieianine (Phe-4-N02)), biphenyialanine (Bip). 4-. 
^iiQsphonomelityiphehyialanind (Pmp), cycioliex^lycine (Ghg), 3-pyridinyiatanine (3- 
Pal), 4>-pyridinylalanine (4-Pal), 3.4-dehydroproiine (A-Pro), 4-lcetDproiine {Pro(4- 
'keto)), thiopfoline (Tliz). Isonipecotic acid (inp), 1,2,3,4,-tetraliydroisoc|uinolin-3- 
carfooxyiic add (Tic), propargyigiydne (Pra), 6-liydroxynprleudne (NU(6-0IH)), 
homotyrosine (iiTyr), S^odotyrosine (Tyr(3-J)), 3,5-dijodotyrosine (Tyr(3,5-J2)), d- 
methyl-tyrosine (Tyr(Me)), d-NOa-tyrosine (Tyr(3-N02)), piiosphotyrosine 
(Tyr(P03H2)), allcylgiycine, 1-aminolndane-1-carboxy add, 2-amlnolndane-2-carboxy 
add (Ale), 4-amino-methylpyrroi-2-carboxyiic acid (Py), 4-amino-pyrroildine-2- 
carboxyiic add (Abpc), 2-amlnotetraline-2-<;arboxylic add (Ate), diaminoacetic add 
(Gly(NH2)), diaminobutyric acid (Dab), 1,3-diliydro-2H-lsoInoie-carboxyllc acid (Disc), 
homocylcohexyialanin (hCiia), tiomophenylaianin (iiPtie oder Hof), &ans^-ptienyl- 
azetldIne-2-<carboxyilc acid, 4-piienyl-pynolldine-2-carbo}^lic add, 5-piienyi- 
pyrrolidine-2-carboxylic add, 3-pyrldyla)anine (3-Pya), 4-pyridylaianine (4-Pya), 
styryialanine, fstrahydroisoqufnoline-l-carboxylic add (Tlq), 1,2,3,4- 
tetrahydronorliarmane-a-carboxyllc add (Tpi), IH2-thienryl)-&lanlne (Una) 
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Other amino acid substKutione for those encoded In the genetic code can also be 
included in peptide compounds within the scope of the invention and can be classified 
within this general sdieme. 

Protelnogenic amino acids are defined as natural pnstein-derived a-amino acids. 
Non-proteinogenic amino adds are defined as all other amino adds, which are not 
building biodcs of common natural proteins. 

The resulting peptides may be synthesized as the free C-terminal acid or as the C- 
tamlnal amide form. The free acid peptides or the amides may be varied by side 
chain modifications. Such shJe chain modifications are for instance, but not restrided 
to, homoserine fomnation. pyrogiutamic add formation, disuiphide bond frxmaflon, 
deamldation of aspara^^ne or glutanrine residues, methylation, t-butylatioh, t- 
bufykn^carfoonyiation, 4-methyibenzylatlon, thioanysOation, tiiiocresylation, 
ben(^loxymethylation, 4-nitrophenylation, bencyio}vcart}onyiaiion, 2- 
nitrobenooylation, 2-nitrosulphenyiatiQn, 4-ioluene8ufphonyiati0n, 

pentafluorophenylation, diphenylmethylation, 2-<diiord9enz^a}^cartx)nylation, 2,4,5-. 
trichlorophenylation, 2-bromobenzyloxycartx>n^ation, 9- 

fiuorenylmethyloxycarbonyiation, triphenylmethylaHon, 2,2,5,7,8,- 

pentamethylchroman-6-suIpfK>nyiation, hydroxyiation, oxidation of methionine, 
formyiation, acetylatlon, anisyiation, l>encylation, benooyiation, trifluoroacetylation, 
carboxylation of aspartic acid or glutamic add, phosphorylation, suiphation, 
cysteinylation, glycoiysation with pentoses, deoxyhexoses, hexosamlnes, hexoses or 
N-acetylhexDsamines, lamesylatlon, myristdysation, bbtinylation, palmitoylatlon, 
stearoyiation, geranylgeranylatlon, glutathionylation, 5'-adenosyiation, ADP- 
ribosylation, modification vi^ N^iycolyineuraminic add, N-ac^neuFaminic add, 
pyridoxal phosphate, ilpoicacid, 4'-pho8phopantetheinei orN-hydroxysuodnlmide. 
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In the compounds of formula (3). the amino acid moieties A. B, C, D, and E are 
respectively attached to the adjacent moiety by amide twnds according to standard 
nomenclature so that the amlno^temiinus (N-temiinus) of the amino adds (peptide) is 
drawn on the left and the carboxyi-tenninus of the amino acid (peptide) is drawn on 
the right. 

Until the present invention by Applicants, loiown peptide substrates of the proline- 
spedfic serine protease dipeptidyl peptidase IV In vitro are the tripeptides Diprotin A 
(ile-Pro-lie), Diprotin B (Val-Pro-Leu) and Diprotin C (Val-Pro-ile). Applicants have 
unexpectedly discovered that the compounds disdosed here act as substrates of 
dipeptidyl peptidase iV In vivo in a mammal and, in pharmacological doses, inhibit the 
physiological turnover of endogenous substrates by competlfive catalysis. 

. ParUculatly preferred compounds of the present invention that are useful as 
modulators of dipeptidyl peptidase IV and DPiV - like enzymes indude those 
compounds which show Krvaiues for DPIV binding, effectively in DPIV inhibition In 
vivo after i.v. and/or p.o. administration to Wistar rats 

Further prefsnred compounds which can be used according to ttie present 
invention are Peptidyli<eb}ne8 of fomiula 4: 




wherein 

A is selected firom : 
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N 




is H or an acyl or oxycarbonyl group incl. all amino acids and peptide residues, 

is H, -^CH)b-NH-C5H3N-Y witli n=2-4 or C5H3N-Y (a divalent pyrldyl residue) and Y 

is selected from H, Br. CI, I, NO2 or CN, 
X^ is H or a phenyl or pyridyt residue, unsubstltuted or substituted witti one, two or 

more all^, aliwxy, halogen, nitro, cy&no or carboy residues, 
X* is H or a phenyl or pyildyl residue, unsubstHuted or substituted witli one, two or 

more all^i. a\koa(y, halogen, nitro, cyano or carboxy residues, 
)^ is H or an all^l, aiicQ)^ or phenyl residue^ 
XP is H or an aii^ residue. 



X is selected from: H, OR* SR*. NRW, N*R^R*, wherein: 

stands for acyl residues, which are unsuiistitutekl or subsStuied wHh one, two 
or more all^l, (^doail^, aryi or heteroaryl residues, or for aH amino adds and 
peptldic residues, or aii^ residues, wNch are unsut)stituted or substituted writti 
one, two or more ail^, cydoallQd, aryl and heteroaryt reddues. 
R^ stands for alM and ac^ functions, wherein and R^ may be part of one or 
more ring structures of saturated and unsaturated carboc^clic or heterocydic 
strucbjres, 

1^ stands for all«yl residues, wherein R^ and R* or and R* may be part of one 
or more ring structures of saturated and unsaturated carbocydic or heterocydic 
structures. 



ft)rn = 1 



fiorn=0 
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wherein 

B stands for O, S, NR^ wtierein is H, an atlc/iiden or ac^, 

C, D, E, F, G, H are independently selected from unsutistttuted and sutistituted 
alkyi, oxyaiicyi, ttiioallcyl, aminoail^, cartionylallcyi, acyl, carbamoyl, aiyt and 
lieteroaryl residues; and 

fbrnsOandnsi 

Z is selected from H, or a branched or single chain all<yl residue from C1-C9 or a 
branched or single chain alkenyi residue from CrCe. a cydoali^ residue from C^s. 
a cycioailcenyl residue from C^Cr, an aryl- or h^roaryi residue, or a side chsrin 
selected from all side chains of ail natural amino adds or derivatives thereof. 



Further, according to the present invention compounds of ft)nmu(as 5, 6, 7,8, 9, 10 and 
11, including all stereoisomers and pharmaceutical acceptable' salts thereof are 
disclosed and can be used 




(5) 




(7 
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wherein: 

is H, a branched or linear C1-C9 allcyl residue, a branched or iinear C2-C» 
aikenyl residue, a Cs-Cs c^doalkyi- , Cs-Cr cydoail^er^i-, aryl- or heteroaiyi residue or 
a side chain of a natural amino add or a derivative thereof, 

and are bidependently selected from H, hydrQ)cy, aiM, alko)^, aiyloxy, nitro, 
c/aho or halogen, 

A Is H or an isostar of a carbonic add, iUce a ftfnc&onal group selected fmm CN, SO3H, 
CONHOIH, POsR'R^, tetrazole, amide, estBr. anhydride, thiazole and imidazole, 

B is selected from: 
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wherein : 

is H, -(CHVNH-CeHsN-Y with n=2-4 and CsHsN-Y (a divalent pyrldyl residue) with 
Y=H,Br,CI, I, N02orCN, 

Is H, an acyi, oxycarbonyl or a amino acid residue , 

W Is H or a phenyl or pyrldyl residue, unsubstituted or substituted with one, two or 
more alkyi, alkoxy. halogen, nitro, cyano orcarisoxy residues. 

Is H, an alkyi, alko}^ or phenyl residue, 

Z Is H or a phenyl or pyrldyl residue, unsubstituted or substituted with one, two or 
more alkyi, aliooxy, halogen, nitro, cyano or carboxy residues. 

Is H or an atkyi residue, 

D is a cydte C4-C7 alM, C4-C7 alkenyi resMue wNch can be unsubstituted or 
substituted with one, two or more alkyi groups or a cyclic 4-7-membered het«foaIM or 
a (^lic4-7-memt)ered heteroaitenyl residue, - 

X^lsO,NR® N*(R'')2,orS, 

X' to are Independently selected from CH2, CR®R®. NR®, N*(R^)2, O, S, SO and 
SQ2. Induding all saturated and unsaturated structures, 

R^ R^, R^ R° are Independently selected fbm H, a branched or linear Ci-Cg alkyi 
residue, a branched or linear C2-C9 alken)^ re^ue, a CrCs qrdoalkyl residue, a Cs- 
Or cycloalkenyl residue, an aryl or heteroaryl residue. 
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With the following provisions: 

Formula 6: Is CH If A Is not H, 
Fonnula 7: Is C If A Is not H. 
Fbrntuia 8: is CH If A Is not H, 
Fomiula 9: X^* Is C If A Is not H. 

Throughout the description and the claims the expression "acyl" can denote a 
acyl residue, preferably a Ci^ acyl residue and especially prefenned a Cm acyl 
residue, "cycioalkyl" can denote a C3.12 cycloaikyi residue, preferably a C4. or Cs 
cydoalkyi residue, "carbocyclic" can denote a C3.12 cartx)cycl|c residue, preferably a 
C4, or Ce carbocyclic residue, "i-leteroaryl'' is defined as an aryi residue, \A^erein 1 
to 4, preferably 1, 2 or 3 ring atoms are replaced by heteroatoms lilie N, S or O. 
1^etBro(^cU(f is defined as a cycloaikyi residue, wher^n 1, 2 or 3 ring atoms are 
replaced by heteroatoms like N, S or O. "Peptides' are selected from dipeptides to 
decapeptides, prefened are dipeptides, tripeptides, tetrapeptides and pentapeptkJes. 
The amino adds for tfie fonmation of ttie "peptide^ can be selected from the those 
listed above. 

Because of the wide distribution of the protein in the iiody and tiie yMb variety 
of mechanisms involving DPIV, DPIV activity and DPIVwBlated proteins, systemic 
therapy (enteral or parenteral administration) witti DPiV-4nhlbitors can result in a series 
of undesinabte side-effecte. 

The problem to be solved was, moreover, to provide compounds tiiat can be 
used tor tergeted influencing of locally limited patiiophyslok>glcal and physidogicai 
processes. The problem of the Invention especially conslste in obteining locally 
limited inhibition of DPIV or DPiV-analogous ac^vify tor the purpose of tergeted 
intenrention In the regulation of the acUvIfy of locally active substrates. 
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This problem is solved aocording to the invention by compounds of the general 
fomiula (12) 




wherein 

A Is an amino add having at least one funotional group in the side chain, 

B Is a chemical compound covalently bound to at least one functional group of the 
side chain of A, 

C is a thiazolldlne, pynx)lldlne, cyanopynrolidlne, hydroxyprollne, dehydroproline or 
piperidine group amide-bonded to A. 

The compounds can be used for reducing immune, autoimmune or central nervous 
system related disorders. 

In acoordanoe witti a preferred embodiment of the invention, pharmaceutical 
composiOons are used comprising at least one compound of the general fonmuia (12) 
and at least one customary adjuvant appropriate for the site of action. 

Preferabiy A is an a-amino add, espedaiiy a natural a*amino add having one, two or 
more functional groups in the side chain, preferabiy threonine, tyrosine, serine, 
arglnine, lysine, aspartic add, glutamic acid or cysteine. 

Preferably B is an oligopeptide having a chain length of up to 20 amino acids, a 
polyethylene glycol having a molar mass of up to 20 000 g/mol, an .optionaiiy 
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substituted organic amine, amide, aiooiiol, acid or aromatic compound having from 8 
to 50 C atoms. 

Throughout the description and the dalms the ^ression "altcyl" can denote a 
Ci^o aiicyi group, preferably a Ce^o ailcyi group, especially a Ca.12 ailcyi group; for 
example, an alkyi group may be a methyl, ethyl, propyl, isopropyl or butyl group. The 
expression "alk", for example in the expression "aikoxy", and the expression "alkan", 
for example In the expression "alkanoyi*, are defined as for "alkyi"; aromatic 
compounds are preferably substituted or optionally unsulsstituted phenyl, bera^l. 
naphthyi, trfphenyl or anthracene groups, which preferably have at least 8 C atoms; 
the expression "alkenyl" can denote a C^-io alkenyl group, preferably a (h-e alkenyl 
group, vtfhteh has the doulsle bond(8) at ar^ de^red tocatton and may be substituted 
or unsubstituted; tiie e}q3re8sion "aii^yT can denote a C^io all^yl group, preferably 
a Cz9 alkynyl group, which has ttie triple bond(8) at any desfrsd location and may be 
substituted or unsubstituted; the expressiorf "substituted* or substituent can denote 
any desired substitution by one or mate, pre^biy one or two, alM, alkenyl, all^yi, 
mono^ or multi-vaient acyl, alkanoyi, ailon^kEUioyi or ali«axyalkyi groups; tiie afcxre- 
mentioned substituente may in turn have one or more (but preferably zero) alkyi, 
alkenyl, alkynyl, mono- or multi-vaient acyl, alkanc^, aiko}^lkanoyl or alkoxyall^ 
groups as ^e groups; organte amines, amides, alcohols or adds, each having from 8 
to 50 C atoms, preferably from 10 to 20 C atoms, can have tiie formulae (alkyt)2N- or 
alkyl-NH-, -CON(alkyl)2 or -CO-NH(alkyl). -alkyl-OH or -aikyi-COOH. 

Despite an extended side chain function, ttie compounds of fonnuia (12) can 
still bind to tiie active centre of tiie ehzyme dipeptidyl peptidase IV and analogous 
era^mes but are nb longer actively transported by tiie peptide tran^orter l=>epT1. The 
resulting reduced or greatiy resbicted transportability of the compounds according to 
the invention leads, in ideal manner, to tocal or site directed inhibition of DPIV and 
DPIV-iike enzyme activity. 
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The compounds of formula (12) or the other compounds used in accordance 
yAVn the invention can be present or used, respectively, in the fonm of racemates or in 
the form of enantiomericaiiy pure compounds, preferably in the L-threo or L**allo fbnm 
with respect to part A of formula (12)* 

By extending/expanding the side chain modifications, for example beyond a 
number of seven carbon atoms, it Is accordingly possible to obtain a dramatic 
reduction in transportability (see Example 12), The Examples in Table 12.1 clearly 
show that, with increasing spatial size of the side chains, there Is a reduction in the 
transportability of the substances. By spatially and stericaliy expanding the side 
chains, for example beyond the atom group size of a monosubstituted phenyl radical, 
hydroxylamine radical or amino acid residue, it is possible according to the invention 
to gripdily or suppress flie transportability of tiie target substances. 

According to the present invention, the compounds of fbrmula (12) Inhibit DPiV 
or DPIV-4ike enzyme activity in the body of a mammal in a site specific manner. It is 
accordingly possible to Influence local physiological and pattiophysiological conditions 
. (inflammation, psoriasis, arthritis, immune, autoimmune diseases, allergies, but also 
central nervous system related disorders) eflectivety and wRh dramaUcaiiy reduced 
side«elfects. 

Prefened compounds of fonmuia (12) are compounds, wtierein the 
oligopeptides have chain lengths of ftom 3 to 15, especially from 4 to 10, amino adds, 
and/or the polyethylene glycols have molar masses of at least 250 g/mol, preferably of 
at least 1500 g/mol and up to 15 000 g/mol, and/or the optionally substituted organic 
amines, amides, alcohols, acids or aromatic compounds have at least 12 C atoms and 
preferably up to 30 C atoms. 

The compounds of the present invention can be converted into and used as 
acid addition salts, espedaiiy phanmaceuticaiiy acceptable add addition salts. The 
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pharmaceutically acceptable salt generally takes a form in v^fdi an amino adds basic 
side chain Is protonated with an inorganic or organic acid. Representative organic or 
Inorganic acids include hydrochloric, hydrobromic, perchloric, sulfuric, nitric, 
phosphoric, acetic, propionic, glycolic, lactic, sucdnic, maleic, funtaric, malic, tartaric, 
citric benzoic, mandeiic, meflianesulfonic, hydroxyethanesuifonic, benzenesulfonic, 
oxalic, pamoic, 2-naphthalenesulfonlc, p-touleniesulfonic, cydohexanesulfamlc, 
saHcyiic, saccharinic or trifhioroacetic add. All phannaceuticaliy acceptable add 
addition salt forms of the compounds of formulas 1 and 12 are intended to be 
«iibFe»ed by the scope of this Invention. 

In view of the dose relationship between the firee compounds and the 
compmjnds in the form of th^ salts, whmever a compound Is refened to in this 
context, a corresponding salt is also Intended, provided such is possible or 
ai^priate under the drcun^nces. 

The present invention further Ihdudes within Its scope prodrugs of the 
compounds of this Invention. In general, such prodnigs win be flmctional derivatives 
of the compounds which are readily convertible in vivo into tfie desired Qierapeutically 
active compound. Thus, In tiiese cases, the use of the present invention shall 
encompass the treatment of ttie various disorders descn*bed with prodrug versbns of 
one or more of the daimed compounds, which convert to the above spedfled 
compound in vivo after administration to the subject Conventional procedures for the 
selection and preparation of suitable prodrug derivatives are described, for example, 
in 'IDesign of Prodrugs', ed. H. Bundgaard, Elsevier, 1985 and tiie patent applications 
DE 198 28 113 and DE 198 28 114, which are fully incorporated herein by reference. 

Where the compounds or prodmgs according to this invention have at least one 
chirai center, they may accordingly exist as enantlomers. Where the compounds or 
prodnigs possess two or more chirai centers, tiiey may additibnaily exist as 
diastereomers. It Is to be understood ttiat aH such isomers and mbdur^ ttiereof are 
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encompassed witt)in the scope of the present invention. Furthenmore, some of the 
crystalline fonns of the compounds or prodrugs may exist as polymorphs and as such 
are intended to be included in the present Invention. In addition, some of the 
compounds may fomi solvates with water (i.e. hydrates) or common organic soivente, 
and such solvates are also intended to be encompassed within the scope of this 
invention. 

The compounds, including their salts, can also be obtelned in the form of their 
hydrates, or include other sotvente used for their ct^tall^tion. 

As incficated above, the compounds and prodrugs of the present invention, and 
their corresponding pharmaceuflcally aoceptebie add addiUon salt fomns,. are usefiii in 
inhibifing DPiV and DPiV - like enzyme acOvify. The ability of the compounds and 
prodmgs of Vne present invention, and their corresponding pharmaceutically 
accepteble acid addition salt fornis to inhibit DPiV and DPIV - like en^me activity 
may be demonstrated employing the DPiV activity assay for detennlnation of the 1^ 
values and the ICso-vaiues in vitro, as described in examples 7 and 8. 

The ability of the compounds of the present invention, and their conesponding 
phannaceuticaUy acceptable acid addition salt forms to inhibit DPIV In vivo may be 
demonstrated by oral or intravasal administration to WIster rats, as described in 
example 11. The compounds of the present invention inhibit DPIV activi^ In vivo after 
tjoth, oral and intravasal administration to Wistar rats. 

DPiV is present in a wide varied of mammalian organs and tissues e.g. the 
intestinal bnjsh-border (Gutschmidt S. et al., 'In situ" - measuremente of protein 
contente in ttie brush border region along rat Jejunal villi and their correlations witti four 
enzyme activities. Histochemistry 1981, 72 (3), 487-79), exocrine epithella, 
hepatocytes, renal tubuii. endottiella, myoiibroblaste (Feller A.C. et al, A monoclonal 
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antibody detacUng dipeptidytpeptldase IV in human tissue. Virchows Arch. A. PathdI. 
Anat IHistopathol. 1986; 409 (2):263-73), nerve cells, lateral membranes of certain 
surface ef^ella, e.g. Fallopian tube, uterus and vesicular gland, In the luminal 
c^plasm of e.g., vesicular gland epithelium, and in mucous cells of Bmnner^s gland 
(Hartel S. et ai., Dipeptidyl peptidase (DPP) IV in rat organs. Comparison of 
immunohistochemistry and activity histochemistry. Histochemistry 1988; 89 (2): 151- 
61), reproductive ongans, e.g. cauda epididymis and ampulla, seminal vesicles and 
their secretions (Agiawal & Vanha-Perttula. Dipeptidyl peptidases in bovine 
reprodudlve ongans and secretions. Int J. Androi. 1986, 9 (6): 435-52). in human 
serum, two molecular fonns of dipeptidyl peptidase are present (Krepeia E. et al.. 
IDemonstration of two molecular fbmis of dipeptidyl peptidase iV in nonmai humart 
senjm. Physiol. Bohemoslov. 1983, 32 (6): 486-96). The serum high molecular weight 
Ibnn of DPIV is expressed on the surface of activated T ceils (Diike-Cohan J.S. et al., 
Serum high molecuiar weight dipeptidyt peptidase IV (CD26) is similar to a novel 
antigen DPPT-L released from activated T ceils. J. Immunol. 1996, 156 (5): 1714-21). 

The compounds and prodrugs of the present Invention, and their oorresponding 
f^armaceufically acceptable add addition salt farm are aUe to inhibit DPIV In vivo. 
In one embodiment of the present invention, ail molecular fonns, homoiogues and 
epitopes of DPIV from all mammalian tissues and organs, also of those, which are 
undiscovered yet, are iritended to be embraced by the scope of this invention. 

Among the rare group of proiine-spedfic proteases, DPIV was originally 
believed to be the only membrane-bound enzyme specific for proline as the 
penultimate re^due at the amino-tennlnus of the polypeptide chain. However, other 
molecules, even structurally non-homologous with the DPIV but bearing 
coHBsponding enzyme activify, have been identified recently. DPIV-illce enzymes, 
which are identified so far. are ag. fibroblast activation protein a, dipeptidyl peptidase 
IV fi, dipeptidyl aminopeptidase-Iike protein, N-aceiylated ot-iinited acidic dipeptidase. 
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quiescent cell proline dipepticlase, dipeptidyl peptidase 11, attracUn and dipeptidyi 
. peptidase iV related protein (DPP 8), and are described In the review article by Sedo 
& Malilc (Sedo & Malilc, Dipeptidyi peptidase iV-iike molecules: homologous proteins or 
homologous activities? Biochimica et Blophysica Acta 2001, 36506: 1-10). Further 
DPIV-lilce enzymes are disclosed in WO 01/19866, WO 02/34900 and WO02/31134. 
WO 01/19866 discloses novel human dipeptidyi aminopeptidase 8 (bPP8) \Mith 
structural und functional similarities to DPIV and fibroblast activation protein (FAP). 
WO 02/34900 discloses a novel dipeptidyi peptidase 9 (DPP9) with significant 
homology to the amino acid sequences DPIV and DPP8. WO 02/31134 discloses 
three DPiV-liice enzymes, DPRP1 , DPRP2 and DPRP3. 

In anotiier prefenred enrixKliment of the present invention, all molecular forms, 
homologues and epitopes of protons comprising DPIV-like enzyme activity, finom all 
mammalian tissues and organs, also of tiiose, which are undiscovered yet, are 
Jiitonded to bo embraced by the scope of this Invention. 

The ability of the compounds and prodrugs of tiie presoit Invention, and their 
oonresponding phannaceuticaily acceptable add addition saitfonns to InMbit DPIV-lil<e 
erases may be demonstrated employing an enzyme activity assay for deternilhation 
of the Krvalues in vHm as described in wcample 9. The l^vadues of the compounds of 
the present invention against pordne dipeptidyi peptidase 11 were exemplary 
detennined as K| - 8.52*10^ M ± 6.33*10^ M for giutaminyl pyn^lidine and Ki - 
LOno-*^ M ± 3.81*10'^M for glutamlnyl ttiiazolidine. 

In anottier embodiment, tiie compounds and prodnigs of the present invention, 
and HfieUr con^ponding phamiaoeutically acceptable acid addition salt fbnns have 
only low, if no inhibitory activity against non-DPIV and non-DPiV - Rice piolihe specific 
en^mes. As described In e)»mple 10, witti giutaminyl thiazoiidine and giutaminyl 
pynolidine exemplarily, no InhDjition of dipeptidyi peptidase I and prolyl digopeptidase 
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was found. Against prolidase, both compounds showed a marked bwer efficacy 
compared to DPIV. The IC 50-values against prolidase were determined as IC 50 > 
ZwM for glutamlnyl thiazolldlne and as IC 50 - 3,4*10"*IW ± 5.63*10* for glutaminyl 
pyrrolidine. 

in view of their ability to inhibit DPIV and DPIV - like enzyme activity, the 
compounds of the present invention, and their oonBsponding phanhaceutically 
acceptable acid addition salt fonns, are useful In treattnig condKtons mediated by said 
enzyme activities. Based on the findings described In the examples of tiie present 
inventton and In the llteFature, it can be shown that the compounds disctosed herein 
are useful in the treatment of conditions such as immune, autoimmune disorders or 
central nervous ^stem disorders, seiected from the group consisting of strotes, 
tunnors, ischoitla, Parldnson's disease, and migraines. 

In a more preferred embocflment, the compounds and prodrugs of this 
invention, and their corresponding phamnaceufically acceptable ackl addition salt 
forms, are useful for the treatment of muitiple sclerosis. The ability of the compounds 
of the present in\^tk>n, and fiieir corresponding pharmaceutically acceptable add 
addition salt forms, to alleviate the signs of multiple sclerosis can be detennined 
employing the EAE rat model. The method is described in example 13. 

The present invention therefore provides a method of preventing or treating a 
coruiition mediated by modulation of the DPIV or DPIV - like enzyme acfivi^ In a 
subject In need thweof which comprises administering any of the compounds of the 
present Invention or phannaceutical compositions Oiereof Iri a quantity and dosing 
regimen therapeuHcaliy effecth^e to treat the oondltfon. Addtttonally, the present 
Invention includes the use of the compounds and progdrugs of this Invention, and their 
corresponding pharmaceutically acceptable add addiOon salt fomns, for the 
preparation of a medicament for the preventton or treatment of a condition mecRated 
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by modulation of the DPIV activity in a subject The compound may be administered 
to a patient t)y any oonventionai route of administration, Including, but not limited to, 
intravenous, oral, subcutaneous, Intramuscular, Intradennal, parenteral and 
combinations thereof. 

In an further iliustrative embodiment, the present invention provides 
formulations for the compounds of formulas 1 to 12. and their conresponding 
pharmaoeutlcally acceptable prodrugs and acid addition salt forms, in phannaceutical 
compositions. 

The term "subjecf as used herein, refers to an animal, preferably a mammal, 
most preferably a human, who has been the object of treatment, ot>servation or 
experiment 

The term 'therapeutically effective amounf as used herein, means that amount 
of acth/e compound or phannaceutical agent that elicits the bioiogical or medidnai 
response In a tissue system, animal or human, being sought by a researcher, 
veterinarian, medical doctor or other clinician, which Includes alleviation, of the 
symptoms of the disease or (fisorder tieing treated. 

As used herein, the tsmn "oomposiBon" is Intended to encompass a product 
compris&ig the daimed oompounds in the Iherapeuticayy effedive amounts, as well as 
any product which results, direct or indirsctiy, from combinations of the daimed 
compounds. 

To prepare the pharmaceutical compositions used in this invention, one or 
more compounds of tonnulas 1 to 12, or their corresponding pharmaceutically 
acceptable add addition salt tornis, as the active ingredient is intimately admixed with 
a phannaceutical carrier according to conventional pharmaceutical compounding 
techniques, which canier may take a wide variety of forms depending of the torn of 
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preparation desired for administration, e.g., oral or parenteral sudi as intramuscular. 
In preparing the compositions in oral dosage form, any of the usual phannaceutlcal 
media may be employed. Thus, for liquid oral preparations, such as for ejomipie, 
suspensions, elixirs and solutions, suitable canlers and additives may advantageously 
include water, glycols, oils, alcohols, flavoring agents, preservatives, coloring agents 
and the \\ke; for solid oral preparations such as, for example, powders, capsules, 
gelcaps and tablets, suitable canlers and additives include starches, sugars, dlluente, 
granulating agents, lubricante, bind^, disintegrating agents and the like. Because of 
their ease In administration, tablets and capsules represent the most advantageous 
oral dosage unit fomn, In wNch case solid pharmaceutical canlers are employed. If 
desired, tablets may be sugar coated or enteric coated by standard techniques. For 
parenterals the carrier will usually comprise sterile water, through other bigredlents, for 
exampte, for purposes such as aiding soiubltty or for preservation, may be included. 

injectable suspensions mc^ also be prepared^ in which case appiopriate liquid 
cairriers. suspending agents and the Hce may be employed. The phannaoeuHcsd 
cnnpositions her^n will contain, per dosage unit, e.g., tablet, capsule, powder, 
injection, teaspoonful and the IHoe, an sHnount of the active ingredient necessaiy to 
deliver an effective dose as described above. The piiarmaceutical compositions 
herein will contain, per dosage unit, e.g., tablet, capsule, powder, injection, 
suppository, teaspoonful and the like, of from about 0.01 mg to about 1000 mg 
(preferably about 5 to about 500 mg) and may be given at a dosage of from about 0.1 
to about 300 mg/kg bodyweight per day (preferably 1 to 50 mg/kg/day). The dosages, 
however, may be varied depending upon the requirement of the patients, the severity 
of the condition being treated and the compound t)eing employed. The use of eittier 
dally administration or post-periodic dosing may be employed. Typically the dosage 
wBI be regulated by the physician based on tiie characteristics of the patient, his/her 
condition and the therapeutic effect desirad. 
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Preferably these compositions are in unit dosage forms from such as tablets, 
pills, capsules, powders, granules, sterile parenteral solutions or suspensions, 
metered aerosol or liquid sprays, drops, ampoules, autolnjector devices or 
suppositories; for oral parenteral, intranasal, sublingual or rectal administration, or for 
administration by Inhalation or Insufflation. Alternatively, the composition may be 
presented in a form suitable for once-weeldy or once-monthly administration; for 
example, an insoluble salt of the active compound, suc^ as tiie decanoate salt, may 
be adapted to provide a depot preparation for Intramuscular injection. For preparing 
solid compositions such as tablets, the principal active ingredient is ideally mboed wKh 
a pharmaceutical carrier, e.g. conventional tai)ieting ingredients such as com starch, 
lactose, sucrose, sorbitol, talc, stearic add, magnesium stearate, dicalcium phosphate 
ix gums, and otiier phanraoeuticai diluents, e.g. water, to form a solid prefrarmuiation 
j^oompo^tion containing a homogeneous mbdure of a compound of tiie present 
invention, or a pliarmaceuticaiiy acceptable salt tiiereof. When referring to Oiese 
. ipreformulation compositions as homogeneous, it Is meant that the active ingredient is 
ideally dispersed evenly tiiroughout the composition so fliat the composition may be 
readily subdivided into equally effective dosage forms such as tefc>lets, pHis iand 
capsules. This sdid preformutetion composition may then be subdh/ided into unit 
dosage forms of the type described alsove conteining from about 0.01 to about 1000 
mg, preferably lixxn about 5 to at)out 500 mg of tiie active ingredient of the present 
invention. 

The tablets or pills of the novel composition can be advantegeously coated or 
othennrise compounded to provide a dosage fonn affording the advantage of 
prolonged action. For example, the tablet or pill can comprise an inner dosage and an 
outer dosage component, the latter being in ttie torn of an envelope over tiie fomier. 
JtiB two oomponente can be separated by an enteric layer which serves to resist 
disintegration in the stomach and penmite tiie inner compon^ to pass infect into tiie 
duodenum or to be delayed in release. A variety of materials can be used for sudh 
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Miteilc layers or coatings, such materials inducflng a number of polymeric adds witli 
such materials as shellac, cetyi alcohol and cellulose acetate. 

This liquid fbnns In which the novel compositions of the present invention may 
be advantageously incorporated for administratton orally or by Injection indude, 
aqueous solutions, suitably flavored syrups, aqueous or oil suspensions, and fiavorsd 
emulsions with edible oils such as cottonseed oil, sesame oil, coconut oil or peanut oil, 
as well as elixirs and similar phannaceutical vehides. Suitable dispersing or 
suspending agents for aqueous suspensions indude synthetic and natural gums such 
as tragacanth, acada, alginate, d^dran, sodium carfooxymethylceliuiose, • 
methyiceiiulose, polyvinyipynoiidone or gelatin. 

Where tiie processes for the preparation of the compounds according to tiie 
inv«rtion give rise to a mixture of st^naoisomers, these isomers may be separated by 
convenftonal tectmiques such as preparative chromatography^ The compounds may 
be prepared in racemic f(xm, or individual enanttomers may be prepared either t^ 
enantiospecffic synthe^s or by lesoiution. The compounds may, for exami:^, be 
resolved into their components enantiomers by standard techniques, sudi e» the 
fonnation of diastersomeric pairs by salt fomnatfon wHh an optically active add, such 
as (-)-di-p-toluoyl<i-tartarlc add and/or (+>-dl-p-toluoyl-4-lartaito add followed by 
fractional cry^liization and regeneration of tiie free base. The compounds may also 
resolved by formation of diastereomeric esters or amides, followed by 
d)romatographic separation and removal of tiie driral auxiliary. Alternatively, the • 
compounds may be resolved using a chirai i^PLC column. 

During any of the processes for preparation of tiie compounds of the present 
invention, it may be necessary and/or desirable to protect sensitive or reactive groups 
on any of tiie molecules concaned. This may be achieved by means of conventional 
protecting groups, such as those described In Protective Groups in Qroanic 
Chemistn/. ed. J.F.W. McOmIe, Plenum Press, 1973; and T.W. Grsene & P.G.M. 
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Wuts, Protective Groups In Organic Synthesis. John Wiley & Sons, 1991. fully 
Incorporiatecl herein by reference. The protecting groups may be removed at a 
convenient subsequent stage using methods known from the art. 

The method of treating conditions modulated by dipeptidyl peptidase IV and 
DPIV- Wke enzymes described In the present invention may also be carried out using 
a phannaceutical composition comprising one or more of the compounds as defined 
herein and a phannaceutically acceptable carrier. The phannaceuticai composition 
may contain from about 0.01 mg to about 1000 mg, preferably about 5 to about 500 
mg, of the compound(s), and may be constituted into any form suitable for the mode 
of administration selected. Caniers include necessary and Inert pharmaceutical 
exdpients, includingt but not limited to, binders, suspending agents, lubricants, 
fiavorants, sweeteners, preservatives, dyes, and coatings. Compositions suitable for 
oral administration include solid fornis, such as pills, tablets, caplets, capsules (each 
.including immediate release, timed release and sustained release fomnulatioiis), 
granules, and powders, and liquid forms, such as solutions, syrups, elixirs, emulsions, 
and suspensions. Forms useful for parenteral administration Include sterile solutions, 
emulsions and suspensions. 

Advantageously, compounds of the present invention may be administered In a 
single dally dose, or the total daily dosage may be administered in divided doses of 
two, three or four times dally. Furthennore, compounds of the present invention can 
be administered in Intranasal fonn via topical use of suitable intranasal vehicles, or via 
transdennal skin patches well icnown to those of ordinary sl<ill in that art. To be 
administered In tiie forni of transdennal delivery system, the dosage administration 
wHI, of course, be continuous rather ttian intermittent throughout the dosage regimen 
and dosage strength will need to be accordingly modified to obtain ttie desired 
tiierapeutic effects. 
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More preferably, for oral administration in the fonn of a tablet or c^jsule, the 
active drug component can be combined an ofbI, non-toxic piiarmacmiticaliy 
acceptable inert canier such as ethanoi, glycerol, water and the iiice. Moreover, when 
desired or necessary, suiteible binders; lubricants, disintegrating agents and coloring 
agents can also be incorporated into flie mixture. Suitable binders include, witiiout 
limitation, starch, gelatin, natural sugars sudi as glucose or betalactose, com 
sweeteners, natural and synthetic gums such as acacia, tragacanth or sodium oieate, 
sodium stearate, magnesium stearate, sodium t)enzoate, sodium acetate, sodium 
chloride and the llice. Disintegrators include, without limitation, starch, methyl 
cellulose, agar, bentonite, xanfhan gum and otiier compounds known YiMn the art 

The liquid forms are suitable in flavored suspendbig or disper^g agents sudi 
as the synthetic and natural gums, for ocample, tragacanth, acacia, methyi-celiidose 
and the Wka. For parenteral administration, sterile suspensions and solufions are 
dratred.. Isotonic preparations which generally contEdn siritabie presen/atives are 
employed when intravenous administration Is de^red. 

The GMnpound of the present Invenfion can also be administered in the fbnm of 
liposome delivery systems, such as small unilameliar vesicles, large unilameiiar 
yesides. and muitilam^lar vesicles. Liposomes can be fomied from a variety of 
phospholipids, such as cholesterol, stearylamine or phosphatidyidioiines u^ng 
processes well described in the art. 

Compounds of the present invention may also be coupled with soluble 
polymers as targetabie drug caniers. Such polymers can Include polyvinylpyrrolidone, 
pyran copolymer^ poiyhydroxypropylmethacrylamidephenol, 

poiyhydnD^ethylaspartamideistienol, or pdyethyi eneoxidepoiyiiydne substituted with 
palmitoyi residua Furthermc»B, compounds of the present invention may be coupled 
to a class of biode^adable polymers useful in achie\4ng controlled release of a drug, 
for example, pdyactlc acid, poiyepsiton caproiadone, polyhydroxy butyeric add. 
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poi/orthoesters, poiyaoetals, polydihydropyrans, polycyanoacrylates and cross-linked 
or amphipattiic blodc copolymers of hydrogels. 

Compounds of this invention may be administered in any of tiie foregoing 
compositions and according to dosage regimens estabiisiied in the art whenever 
treatment of the addressed disorders is required. 

The daily dosage of the product rhay be varied over a vAde range fix>m 0.01 to 
1.000 mg per adult human per day. For oral administration, the compositions are 
pr^rably provided in the torn of tablets containing, 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0» 
10.0, 15.0. 25.0, 50.0. 100. 150. 200, 250. 500 and 1000 miiligrams of the active 
ingredient for the symptomatiG adjustment of the dosage to the patient to be treated. 
An .effective amount of the dnig Is ordinarily supplied at a dosage level of firom about 
0.1 mg/kg to about 300 mg/kg of body weight per day. Preferably, the range is from 
about 1 to about 50 mg/kg of body weight per day. The compounds may be 
administered on a regimen of 1 to 4 times per day. 

Optimal dosages to be administered may be readily detenrnined by those skilled 
in tiie art. and will vary witti the particular compound used, the mode of admintetration. 
the strength of the preparation, bioavaiiabillfy due to the mode of administratton, and 
the advancement of disease condition. In addition, Actors associated wttti the 
particular patient being treated, including patient age, weight, diet and time of 
administration, shouki generaity be considered in adjusting dosages. 

The compounds or compositions of tile present invention may be taken before 
a meal, while taking a meal or alter a meal. 

Examples 

Example 1: Synthesis Of Dipeptide Compounds 
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1.1 General synthesis oflsoleuayi thlezolldlne «8tf 

The Boc-protected amino add BOC-ile-OH is placed in etiiyl acetate and tiie 
batch is cooled to about - 5*C. N-Methyimorpholine is added dropwise, pivalic add 
ciiioride (on a laboratory scale) or neoliexanoyi chloride (on a pliot-piant scale) is 
added dropwise at constant temperature. The reaction is stinred for a fsM minutes for 
activation. N-MethyimorphoHne (lat)oratory scale) and thiazoiidine hydrodiioride 
(laboratory scale) are added dropwise in succession, ttiia2»lidine (pliot-f^nt sc^) is 
added. Woridng-up in the laboratory Is effected in conventional manner using salt 
soiuHons, on a pilot-plant scale the batch is purified with liaOH and CH3COOI-I 
solutions. 

The removal of the BOC protecOng group is canied out using HCI/dloxane 
(laboratory scale) or H2SO4 (pilot-plant scale), in the laboratory the hydrochloride is 
crystallised from EtOH/ether. 

On a pilot-plant scale the free amine ts prepared by the addition of NaOI^IHa. 
Furoaric add is dissolved in hot ethanol, the free amine Is added dropwise, and (ile- 
Thia)^ lirrmarate (M = 520.71 gmoP^) prec^sitates. The analysis of isomers and 
enantiomers is carried out by electrophoresis. 

1^2 S^ittiesls of g^viamhyl pyrroUcStie /hse base 

Acyiation: 

fM-Benzyi-oxycarlaonylgiutamine (2.02 g, 7.21 mmol) was dissolved in 35 ml 
THF and brought to -15^0. into that mixture CAiBE (Isobutylchioraformiate) (0.937 ml, 
7.21 mmol) and 4-methylmorpholine (0.795 ml, 7.21 mmol) where added and the 
sdutlon was stln-ed for 1 5 min. The fonnatron of the mixed anhydride was checked by 
TLC (eluent CHCIa/IVIeOH: 9/1). After wanning to -10°C pynroildine (0.596 ml. 7.21 
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mmol) was added. The mixture was brought to room temperature and stirred 
overnight. 

Wori<up: 

The sediment fomned was filtered off and the solvent was evaporated. The 
resulting oil was tal<en up in ethylacetate (20 mi) and washed with a saturated solution 
of sodiumhydrogensuHate fbilowed by a saturated solution of sodiumbicarbonate, 
water and brine. The organic layer was separated, dried and evaporated. The 
resulting product was chedced for purity by TLC (eiuent CHCia/MeOH: 9/1 ) 
Yield: 1.18 g, waxy solid 

Cfsavage: 

1.18 g of the resulting solid Z-protected compound was dissolved in 40 mi 
absolute ethanol. into tiie solution ca. 20 mg Pd on charcoal (10%, FLUKA) ws»' 
added and ttie susp^ion was shaken under a hydrogen atmosphere for 3h. The 
progress of the reaction was monitored by TLC (eiuent CHCIa/MeOH: 9/1). After 
completion of the reaction the was removed to provide the free base. 
Yield: 99% 

The purity was chedced by means of TLC: n-butonole/AcOH/water/ett^acetate: 
1/1/1/1 , Rf = 0.4. The identity of ttie reaction product was chedced by NMR analysis. 

1.3 S^rUiesis ofglutaminyi thiazolidine hydrochloride 
Aeration: 

N-t-Butyl-oxycarbonylglutamine (2.0 g, 8.12 mmol) was dissolved. In 5ml THF 
and brought to -15"C. Into ttiat mixture CAIBE (Isobutylchlorofomiiate) (1.06 ml, 8.12 
mmol) and 4-methylmorphollne (0.895 ml, 8.12 mmol) where added and ttie solution 
was stin-ed for 15 min. The fomnation of ttie mixed anhydride was chedced by TLC 
(eiuent: CHCIa/MeOH: 9/1). After warming to -lO'C another equivalent 4- 
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methylmorpholine (0.895 ml, 8.12 mmol) and thia2X)IIdlne hydrochloride (1.02 g, 8.12 
mmol) was added. The mixture was brought to room tempwature and stbrsd 
overnight 

Woriajpr. 

The sediment formed was filtered off and the solvent was evaporated. The 
resulting oil was taken up In chlorofonn (20 ml) and washed witti a saturated solution 
of sodiumhydrogensuifete followed by a saturated solution of sodiumbicarbonate, 
water and brine. The organic layer was separated, dried and evaporated. The 
resulting product was chedced for purify by TLC (eluent CHCis/MeOIH: 9/1) 
Yield: 1.64 g. solid 

Qeavage: 

640 mg of the resulting solid Boo-protected compound was dissoh^ed in 3.1 mi 
ice cold HCA in dioxane (12.98 M, 20 eqidvalents) and left on ice. The progress of ttie 
reaction was monitored by TLC (eluent: CHC^s/MbOH: 9/1). After completion of the 
reaction the solvent was rennoved and the resultmg oXI was taken up in methanoie and 
evEqx>rated again. Mer ttiat the resulting d& was dried ovor phosphordue-V-KSdde and 
tritivated two times with diethyiether. The purity was checied by HPLC. 
Yield: 0.265g 

The purity was checked by HPLC. The identify of the reaction product was diedoed 
by NMR analysis. 

1.4 SynthB^s of Glutetminyl pyndldina hydroohloricle 
Acylatlon: 

N-t-Butyi-oxycaribonylglutamine (3.0 g, 12.18 mmol) was dissolved in 7ml THF^ 
and brought to -15'C. Into tiiat mixture CAIBE (IsobufylchlorofonDiate) (1,6 ml. 12.18 
mmol) and 4-meth^morpholine (1.3 mi. 12.18 mmol) where added and the solution 
was stinBd for 15 min. The fomnatlon of ttie mixed anhydride was checked by TLC 
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(eliient CHCIa/MeOH: 9/1). After warming to -10'C 1 equivalent of pynroildine (1.0 
ml, 12.18 mmoi) was added.. The mixture was brought to room temperature and 
stined ovemight. 

Workup: 

The sediment formed was filtered off and the solvent was evaporated. The 
resuiUng oil was taken up In chlorofonn (20 ml) and washed with a saturated solution 
of sodiumhydrogensutfats followed by a saturated solution of sodlumbicarbonate, 
water and brine. The organic Is^er was separated, dried and evaporated. The 
resulting product was checked tor purity by TLC (eluent: CIHCIa/MeOH: 9/1 ) 
YieM: 2.7 g solid 

C/e9vage: 

2.7g of the resulting solid was dissolved In 13.0 ml tee cold HCI in dioxane 
(12.98 M, 20 equivalents) and left on tee. The progress of the reaction was monitored 
by TLC (eluent CI-ICIs/MeOH: 9/1). After completion of the reactfon the solvent was 
removed and the resulting oS was taken up in mettianole and evaporated again. After 
ttiat the resulting ofl was dried over (4K>sphorous-V-a>dde and triturated two times with 
disttiyiether. 
Viekl: 980 mg 

The purity was checked by HPLC. The identity of the rractten product was checked 
by NMR analysis. 

Eicample 2: Chemical characterization of selected dipeptlde compounds 
Z1 Meiang point determination 

Melting pdnte were detennined on a ICofier heating platibnfn microscope from 
Leica Aktiengeseilschaft, the values are not con'ected, or on a DSC apparatus 
(Heumann-Phanna). 
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Z2 Optical rotation 

The rotation values were recorded at different wavelengths on a 'Polarimeter 
341" or higher, from the PerWn-Elmer company. 

Z3 Measurdment (xmMons for the mass spectroscopy 

The mass spectra were recorded by means of electrospray lonlsation (ESI) on 
an "AP1 165" or API 365" flfom the PE Sdex company. The operation Is carried out 
using an approximate concentration of c - 10 pg/mi, the substance is taken up In 
MeOH/HaO 50:50, 0.1 % HC02H, the infusiori Is efiec^ using a spray pump (20 
pVmin). The measurement were made In posiOve mode [M+Hf . the ESI voHage Is 
U=5600V. 

2.4. Remits 



Z4. 1 Tests on teoletK^ tNazokxIlne fumarate Qsomei) 



Substance 




CE (min) 


MS 




L-threo-rPF 


150"^ 


160 


203 


-10.7 
(405 nm) 


D-threolT*F 


147 


158 


203 


not 

determined 


L-«llo-IT*F 


145^ 


154 


203 


•4.58 
(380 nm) 


D-allo-IT*F 


144-6 


150 


203 


4.5 

(380 nm) 



IT*F = lsoleu<^l thiazolldlne fumarate 

The NMR and HPLC data confirm the identity of the substance In question. 



2.4.2 Teste on oOierlsoleuc^ thiazolldlne salts 



irsalt 


M (amoD 


MP ("O 


succinate 


522.73 


116 


tartrate 


352.41 


122 


fumarate 


520.71 


156 


hydrochloride 


238.77 


169 


Dhosphate 


300.32 


105 
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Example 3: Synthesis of Xaa-Pro-Yaa Tripeptides 

Ail syntheses were canled out on a peptide synthesizer SP 650 (Labortec AG) 
applying Fmoc/tBu-strategy. Protected amino adds were purchased fjx>m 
Novabiocliem or Bachem. trifiuoro acetic acid (TFA) was purchased from Mercic, 
trilsopropyl sllane (TIS) was purchased from Fluka. 

Pre-loaded Fmoo-Yaa-Wang re^n (2.8 g/ substitution level 0.57 mmol/g) was 
deprotected using 20% piperidlne/ N,N-dimethylformamide (DMF). After washing with 
DMF a solution of 2 eq (1.1 g) of Fmoo-Pro-OH were solved In* DMF (12ml solvent per 
gram resin). 2eq (1.04 g) of 2-(1 H-Benzotriazole 1-yl)-1,1.3,3-tetramethyiuronium 
tetrafluoroborate (TBTU) and 4 eq (1.11ml) of N,N-diisopropylethylamlne (DIEA) were 
added and placed in the reaction vessel. The nUxture was shaken at room 
temperature for 20 minutes. Then the coupling cyde was repeated. After sut}sequent 
washing with DMF, dlchlonnethane, isopropanol and diethyl ether the resulting Fmoo- 
Pro-Ile-Wang resin was dried and then dMded into 6 parts before coupling the last 
amino add derivative. 

Fmoc protecting group was removed as described above. After ttiat 0.54 mmol 
of the Boo-amino acid, 0.54 mmol TBTU and 0.108 mmd DIEA In DMF were shaken 
for 20 min. The coupling c^de was r^eated. Rnally the peptide r^bi was washed 
and dried described above. 

The peptide was deaved fiom the resin using a mixture of frifluoroacetic add 
(TFA) for 2.5 h, containing the following scavengers: TFA/HaO/triisopropylsilane (TIS) 
= 9.5/0.25/0.25 
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The yields of crude peptides were 80-90% on the average. The crude peptide 
was purified by HPLC on a Nucleosll CI 8 column (7 pm, 250*21.20 mm, 100 A) using 
a linear gradient of 0.1% TPfiJHzO with increasing concentration of 0.1% 
TFA/acetonitriie (from 5% to 65% in 40 min) at 6 mi/min. 

The pure peptide was obtained by iyophiilzation, identified by Eiectrospray 
mass spectrometry and HPLC analysis. 
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3. 1 RbsuI^ - Iden&ffcaUon ofXaa-Pm-Yaa tripeptldes sfter <^mnlcal ^nOie^s 



Peptide 


Mass (calc.) 


Mass (exp.V 


HPLCk* 


Abu-Pro-lle 


313.4 


314.0 


5.7 


Cha-Pro-llo 


381.52 


382.0 


10.4 


Nva-Pro-iis 


327.43 


328.2 


6.82 


Phfl-Pro-lte- 


361.44 


362^ 


7.9 


Nle-Pro-lle 


341.45 


342.2 


8.09 


PIp-Prolle 


338.56 


340.0 


6.5 


Thr-Pro-lle 


329.4 


330.0 


5.12 


Trp-Pro-lle 


414.51 


415.2 


9.85 


Phe-Pro-ll© 


375.47 


376.2 


8.96 


Ser-Pro-lle 


315.37 


316.3 


5.24 


SerCPV-Pro-lle 


395.37 


396.0 


3.35 


Tyr(P)-Pro-lle 


471.47 


472.3 


5.14 


Val-Pro-Val 


313,4 


314.0 


5.07 


lle-Pro-Val 


327.43 


328.5 


6.41 


lle-Pro-a//6-lle 


341.4 


342.0 


7.72 


Val-Pn>a//o-lle 


327.4 


328.5 


6.51 


Tyr-Pro-a//o-lle 


391.5 


392.0 


7.02 


2-Amino octanoic acid- 
Pro-He 


369.5 


370.2 


10.63 


oer\DZi f-r ro-iie 


*rUO.*r57 






Om-Pro^le 


342.42 


343.1 


3.73 


TiorPro-lle 


387.46 


388.0 


8.57 


Aze-Pro-lle 


311.4 


312.4 


5.29 


Alb-Pro-lle 


313.4 


314.0 


5.25 


f-butyf-Gly-Pro-lle 


341.47 


342.1 


7.16 


lle-Hyp-lle 


356.45 


358.2 


6.57 


f-butyl-Gly-Pro-Val 


327.4 


328.4 


6.32 


f-butyl-Gly-Pro-Gly 


285.4 


286.3 


3.74 


f-buty!-Gly-Pro-lle-amlde 


340.47 


341.3 


7.8 


f-butvl Gly-Pro-D-Val 


327.4 


328.6 


7.27 


f-butyl-Gly-PrD-t-butyl-Gly 


341.24 


342.5 


9.09 


ll©-Pro-f-butyl-Gly 


341.47 


342.36 


6.93 


Val-Pno-f-butyl-Gly 


327.4 


328.15 


5.98 
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''[M-i-H'^ were determined by Electrospray mass spectrometiy in positive 
ionization mode. 

2 RP-HPLC conditions: 

column: LiClirospiier 100 RP 18 (Spm), 125 x4 mm 

detection (UV): 214nm 

gradient system: aoetonitriie(ACN)/H2O(0.1%TFA) 

finom 5% ACN to 50% in15 min, 

flow : 1 iri/tvSn 

k' = (trtbyH) 
tbsl.lBntin 



^butyl-Gly is defined as: 



H2N^ ^COOH 



Ser (P) fnd Ser (Bzl) are d<dfined as piicMBphorylserine and benzylserfne. Tyr (P) is 
defined as pliosporyityrosine. 
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Example 4: Synthesis of poptldylketones 

s 

H-Val-Pro-OMe*HCI 2 

Boo-Val-OH (3.00g, 13.8mmol) was dissolved In 10ml of dry THF and cooled 
down to ^15°a To the mixture CAIBE (1.80mr, 13.8mmol) arid NMM (1.52mt, 
13.8mmol) where added and the solution was stinred until the fomfiation of the mixed 
anhydride was complete. Then the mixture was brought to -10*C and NMM (1.52ml, 
13.8mmol) was added followed by H-Pro-OMe*HCI (2.29g, 13.8mmol). The mixture 
was allowed to reach room temperature and left ovemighL After removing the solvent 
and the usual woriojp the resulting ester 1 was taken without further characterisation. 
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The ester 1 was dissolved in HCi/i^OAc (5nrii, 6N) and ieft at O'C until the removal of 
the Boc-^roup was comply. The solvent was ttien removed and the resulting oil was 
treated with diethyietherto give a white solid 2. 
Yield: 2.5g, 80% 
Z-Aia-Vai-Pro-OMe 3 

Z-Ala OH (3.5g, 15.7mmol) and 2 (4.1 8g, 15.7mmol) where treated in the same 
msttiner as above for f , to give 3 as a white solid. 

Yield: 4.2g, 64% 
Z-Ala-Val-Pro-OH4 

3 (4.2g. 9.6mrrioi) was dissolved in 30 ml of water/aoetone (1/5 v/v) and 1 1 .6ml NaOH 
(IN) where added. After completion of the reacb'on the organic solvent was removed 
by evaporation and -the resulting solution was diluted by 15ml NaHCOs solution 
(saturated). Then the mixture was extracted three times by 10ml of acetic add ettiyl 
ester. After that the solution was brought to pH2 by adding HCI (15% in water). The 
resulting mixture was extracted three times by 30mi of acetic acid ethyl ester. The 
organic layer was separated and wa^ed tiiree times with brine, dried (NaaSOA) and 
evaporated. 

Yield: 3.5g ,87% 
Z-Ala-Va^Pro-CHrBr 5 

4 (2.00g, 4.76mmol) was dissolved in 15mi of dry THF and converted into a mixed 
anhydride (see compound 1) using CAiBE (0.623ml, 4.76mmol) and NMM (0.525 mi, 
4.76mmol). The precipitate fonfned was filtered off and cooled down to -15*0. Then 
diazomethane (23.8mmol in 30ml ether) v^s dropped Into the solution under an argon 
atmosphere. After leaving the mixture for 1 h at O'^C 1.27ml of HBr (33% in AcOH) was 
added and the solution was stirred for 30mln at room temperature. After that 70 ml of 
ether was added and the mixture was washed with 20 ml of water. The organic layer 
was separated and dried (Na2S04) and evaporated. 
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Yleld(cnjde):1.8g,80% 
Z-protected acyloxymethylene ketones 

The add (2eq) was dissolved in DMF and an equimoiar amount of KF was 
added. The suspension was allowed to stir at room temperature for 1 hour. Then the 
brommethylene (leq) component was added and the solution was allowed to stir 
overnight After that the solvent was removed under vacuum and the resulting cSl was 
dissolved in chloroform and washed with brine. Then the organic layer was separated 
dried (NaaSOA) and the solvent vras removed. The product was purified by column 
chromatography using silica gel and heptane/chlorofonn. 

Z-Ala.Val-Pro-CH2D-C(0)-CH3 e 

Acetic acid (230MI. 4.02mmol). KF (0.234g, 4.02mmoO, S (I.OOg, 2.01 mmol) 
Yield: 0.351g, 36% 
Z-Aia-Val-Pro-CH20-C(0)-Ph 7 

Benzoic acid (0.275g, 2.25mmol), KF (O.ISImg, 2.25mmoi), 5 (0.56g. 1.13mmoi) 

Yield: 0.34g. 56% 

Deprotection 

The Z-protected compound was dissolved in HBi/AcOH and sUned. When the reaction 
was complete ether was added, the white precipitate fornied was filtered off and dried. 
H-Ala-Val-Pro-CH2OC(0)CH3*HBr 8 

0(O.351g,O,73mmol) 
Yield: 0.252g. 98% 
H-Aia-Val-Pro-CH20-C(0)Ph*HBr 9 

7(0.34g,0.63mmoi) 
Yield: 0,251g, 99% 
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Example 5: Synthesis Of Cycloalkylketones 

t 8 . 3 

Booisoleudnai 2 

Oxalylchlorlde (714 pi, 8^8 mmol) was dissolvecl in 10 ml of dry dichlormeihane and 
brought to -78*C. Then DMSO (817 pi, 8.28 mmol) was added dropwise. The 
solution was stined for 20 min at -78*C. Then 1 (1.00 g, 4.6 mmol) was added and - 
the mixture was stlnred for 20 min. After that TEA (2.58 ml, 18.4 mmol) was added 
and the mixture was allowed to reach room temperature. The mixture was diluted with 
hexane/ethylacetate (2/1 v/v) and 10 ml of Ha (10% In water) was added. The 
organic layer v/as separated and the aqueous phase was extracted with 20 ml of 
methylenechloride. All organic layers were collected and washed with t>rine, followed 
by water, then dried. The product was purified by column chromatography using silica 
gel and heptane/chloroform. 
Yield: 0.52 g. 52% 

(erf-biityi AM-[cyclopenfyl(hydro)^)meth^2-methylbutylcarbamate 3 

2 (0.52 g. 2.42 mmol) was dissolved in 10 ml of dry THF and cooled down to 0*0. 
Then cyclopentylmagnesiumbromide (1.45 ml of a 2 M solution) was added. After 
completion of the reaction (2 ml) of water was added and solution was neutralized by 
adding aqueous HCI. Then methylenechloride was added and the organic layer was 
separated and dried (Na2S04). After evaporation the resulting oil was used without 
further characterisation. 



wo 03/002596 



PCT/EP02/07133 



48 

te/t-butyl A^[1-(cyclopentylcarbonyl)>2-methyibirtyi]carbamate 4 

3 (0.61 g, 2.15 mmol) was treated like 1. Oxaiylchloride (333 yl, 3.87 mmol), DMSO 
(382 mI> 5.37 mmol), TEA (1.2 ml, 8.59 mmol) 

Yield: 0.180 g, 30% 

l-cydopentyl-^methyl-l-QXO-2-pentanaminlum chloride 5 

4 (0.18 g, 0.63 mmol) was dissolved In 2 ml HCI (7 N in dioxane). After completion of 
the reaction the solvent was removed and the resulting oil was purified by column 
chromatography on sliical gel usins a chloroferm/methanol/water gradient The 
resulting oil Vi/as triturated with ether. 

Yield: 0.060 g, 54% 



Example 6: Synthesis Of Side Chain Modlfleci DPIV-lnhlbitors 

6. 1 SynOie^ of Boo-Glu-Thto 

Reaction of Boo-Giu(OMe>OH with Thia*HQ according to l\Aethod B (see section 6.4 
for methods), hydrolysis of Boo-Glu<OMe)-Thia according to Method G 



6.1. 1 AnalyOcal date for Booglutmyl thiazolicHne 



Compound 


Empirical 
formula 

Mr 

Synthesis 
method 

Yield 


MS [M+m* 
TLC: 
FVsystem 
m.p. 


OoncentFation 
Solvent 


Elemental 
analysis 
(calc./ 
found) % 


HPLC 

[minysystem 


Boo-Glu- 
Thla 


C13H22N2O6 
S 

318.38 

B+G 

62% 


319.5 
0.52 /A^ 
0.42 /B^ 
115-118X 


-3.1 

c«1 

methanol 


C:49.04/48.8 
9 

H:6.96/6.82 
N:8.8Q/8.59 


13.93 / 
A^ 



^ Thin-layer chromatograp 



wo 03/002596 



PCTAEP02/07133 



49 



System A: chiorofotm/methanol 90:10 

System B: benzene/acetone/acetic add 25:1 0:0.5 

System C: n-butanol/EA/acetic acId/H20 1 :1 :1 :1 

^ HPLC 8ep>aration conditions 

Column: Nudeosll C-18, 7m, 250 mm x 21 mm' 
Eluant isocratlc. 40 % ACN/water/0.1 % TFA 
Row rate: 6 ml/min 
Xs220nm 

6.2StcteiDhalriHriocm0dBo(>iilutamyltMazolldln^ 

Boo-Glu-Thia was modified at the Y^carboxyHc add lUnction by introducing 
radicals of varying size. Tlie radicals were coupled by way of their amino group by 
fonnlng an amide bond to the y-carboxyllc add fUncUon, with a variety of coupling 
methods being used depending on the radical. The following amino components were 
attached to Boo-Glu-Thia using the method stated: 



Amino component 


Coupling methods 
(see section 3.4) 


Yields 


Polyethylene glycol amine (Mr » 
8000) 


0 


93% 


H-Gly-Gly-Gly-OH 


D + E 


49% 


H-Gly-Gly-Giy-Gly-GiyOH 


D + E 


86% 



. In 2 cases, purification of the reaction products differs from the g&n&rel 
desoiption of syntheds. 
Boa-Glu(Gfyi)'Thla 

The product already predpttates out from the mixture on stirring overnight; it Is 
subsequently filtered off and washed with 0.1 N HCi and copious amounts of water and 
then dried over P4O10 /n vact/o. 
Boc^u(PEG)-Thia 
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In contrast to the general procedure, the starting materials for the synthesis are 
delved In a 500-fold excess of DMF. After the reaction Is complete, the DMF Is 
completely removed In wicuo and the residue Is dissolved in a large amount of 
methanol. After etiier is poured on. to form an upper layer, the product precipitates 
out together with the unreacted PEG. Fine purification was canled out by preparative 
IHPLC separation on a gel filtration column (Phamnazla, Sephadex G-25. 90 pm, 260 
mm- 100 mm). 

Separating conditions: eluant: water; flow rate: 5 ml/min; X =: 220 nm 



6.Z2 Synthesis data fordde chain-modified Booglutam^ &iiazolldines 



Compound 


Empirical 

formula 

Mr 

Yield 


MS [M+H]* 
TLC/fV 
system 
m.p. 


Concentration 
Solvent 


Elemental 
analysis 
(calc./ 
found) % 


HPLC 
Rt 

[min]/system 


Boo- 

Giu(Gly3)- 
Thia 


CisHaiNsOa 

S 

489.54 

49% 


490.5 




C:46.62 

H:6.38 

N:14.31 




Boo- 

GiuCGIyeV 
Thia 


CzsHstN/Oio 
S 

603.64 
86% 


604.5 
0.09 /C 
decomp. 
from 202»G 


n.dm. 


C:45.76/46.6 
0 

H:6.1 8/6.11 

N:16J24/16.5 

6 


11.93 / A^ 


Boo- 

Giu(PEG)- 
Thla 


93% 


08OOO(mass 

emphasis) 

62-53'C 


n.dm. 


n.dm. 


n.dm. 



^ HPLC separation conditions 

Column: Nudeosil C-18, 7m, 250 mm x 21 mm 
Buant isocratic, 40 % ACNAwater/0.1 % TFA 
Row rate: 6 ml/min 



X~220nm 

6.3 &d0 dhain^odifted glutamyl thla2x>adlnos 

. The N-temilnal Boc protecting groups were cleaved off tiie compounds 
described In Table 6.2.2 using method F. The substances modified wHh Giy 
derivatives were purffied by preparative HPLC separation and are present as 
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trifluoroaoetates. The H-Qlu(PEG)-Thia was purifled on a gel filtration column In the 
same manner as ttie Boo-protected precursor. 



6.3.1 Synthesis data for s(d9chaln-modffled glutamyl thlazolidlnes , 



Compound 


Empirical 
formula 

Mr 

Yield 


MS [M+Hf 
TLC/IV 
systern 
m.D. 


laf"D 

Ckjncentration 
Solvent 


Elemental 

analysis 
(calc./ 
found) % 


HPLC 

Rt[nrrin]^ 
system 


H- 

Glu(Gly3>- 
Thia*TFA 


Cl6H2«N506SF 

lo3.45 
94% 


503.45 
0.32 /C 
91-94"C 


+4.1 

0*1 

mettianol 


0:38,17/37.5 
6 

H:4.80/4.78 

N:13.91/13.4 

3 


7.84 /C* 


H- 

Glu(Gly6)- 
Thja*TFA 


C2OH3ON701OS 
Fa 

617.55 
98% 


617.55 
0.25 /C 
105-107*C 


n.dm. 


C:38.9Q^8.8 
2 

H:4.90/4.79 

N:15.88/15.3 

9 


8,22 / C* 


H- 

Glu(PEG)- 
Thla *HCI 


92 % 


» 8000 

(mass 

emphiasis) 


-n.dm. 


n.dm. 


n.dm. 



HPLC separation conditions 

Column: Nudeostl C-18, 7m. 250 nun x 21 mm 

Eluant: ACN/water/0.1 % TFA 

Gradient 20 % ACN 90 % ACN over 30 min 

Flow rate: 6 ml/mln 



Xs220nm 
n.dm. - not detem^ed or not detominatiie 

6.4 General synOtesls procedures 

Method A: Peptide txtnd attachment by Vw rruxed anhydrkie method us/ng CFIBE 
as activation reag&rt 
10 mmol of N-temninaily protected amino acid or peptide are dissolved in 20 ml . 
of al}soiute THF. The solution is copied to -15*C ± 2*0. With stinlng in each case, 
10 mmol of N-MM and 10 mmol of chlorofbrmic add isoisutyi ester are added in 
succession, the stated temperature range being strictly adhered to. After 
appitDximately 6 min, 10 mmol of the amino component is added. When the amino 
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component Is a salt, a further 10 mmol of N-MM Is then added to the reaction mixture. 
The reaction mixture Is then stirred for 2 h in the cold state and overnight at room 
temperature. 

The reaction mixture is concentrated using a rotary evaporator, talcen up in EA, 
washed with 5 % KH2SO4 solution, saturated NaHCX)3 solution and saturated NaCI 
solution and dried over NaS04. After removal of the solvent In vacuo, the compound 
is recrysteillzed from EA/pentene. 

M9ffK)d a* Peptide bond attachmehl by the mixed anhydride method using pMc 
afdd chkuide as acfifvatfon ree^ent 

10 mmol of N-termlnaliy protected amino add or peptide are dissolved in 20 ml 
of absolute THF. ITie solution is cooled to O'C. With stirring in each case, 10 mmol of 
N-MM and 10 mmol of pivaitc add chloride are added in succession, tile steted 
temperature range bdng strictly adhered to. After approximately 6 min. the mixture is 
codled to -IS'C and, once the lower temperature has t>een reached, 10 mmol of ttie 
amho component is added. When the amino oompment Is a salt, a furtiier 10 mmol 
of N-l\/iM is then added to tiie reaction mixture. The reaction mixture is then stined for 
2 h in the cold stete and overnight at room temperature. 

Furttier woridng up is carried out as in Mef/)od A 

Method C: PepBde bond attachment u^ng TBTU as acU\m^n reagent 

10 mmd of the N-terminally protected amino acid or peptide and 10 mmol of 
the C-terinlnally proteded amino component aire dissolved In 20 ml of absolute DMF. 
The solution is cooled to 0*C. Wtth stirring in each case, 10 mmol of DIPEA and 
10 mmol of TBTU are added in succession. The reaction mixture Is stirred for one 
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iiour at 0'*C and then overnight at room temperature. The DMF is completely removed 
in vacuo and the product is worked up as de8crit>ed in Method A. 

MeOmd D: Synthesis of an active ester (N-hydroxysuGdnMde este/) 

10 mmol of N-tenninaliy protected amino add or peptide and 10 mmol of N- 
h/dro}^succinimide are dissolved in 20 mi of absolute THF. The solution is cooled to 
Q'C and 10 mmol of di(^clohexylcarbodiimide are added, with stirring. ■ The reaction 
mixture is stirred ibr a further 2 h at 0*'C and then overnight at room temperature. The 
resulting N,N'-di(^clohexyiurea is filtered off and the solvent is removed Jin vacuo and 
the remaining product is reoystallized from EA/pentane. 

Method E: Amide bond atta(^ment usAig N'iiydraxysua^lmlde esters 

10 nimol of the (>temrilr^ny unprotected amino component is intrxhioed into an 
NaHCp3 solution (20 mmol in 20 ml of water). At room temperature and with sttfifng, 
10 mmol of the N-temiinally protected N-hydrc»^uccin{mide ester dissolved in 10 ml 
of dioxane are; slowly added dropwise. SUning of fiie reaction mixture is continued 
overnight and ttie solvent is then removed in vacuo. 

Further working up is carried out £0 in Afeffiofif A 

Method F: Qeave^e of ^eBocprotec&ig group 

3 ml of 1.1N HCI/gladal acetic add {Method F1) or 3 ml of 1.1N HCI/dbxane 
{Method F2) or 3 ml of 50 % TFA in DCM {Method F3) are added to 1 mmol of Boo- 
prptected amino acid pynrolidide, thiazolidide or peptide. The deavage at RT is 
monitored by means of TLC. After the reaction is complete (approximately 2 h), the 
compound is predpiteted In the form of the hydrochloride using absolute diethyl ether 
and is isolated with suction and dried over P4O10 In vacuo. Using methanoi/ether, the 
product is recrysteillzed or reprec^'rtated. 
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MBttiodG: Hydrolysis 

1 mmol of peptide methyl ester Is dissolved in 10 ml of acetone and 11 ml of 
0.1 M NaOH solution and stinBd at room temperature. The course of the hydrolysis Is 
monitored by means of TLC. After the reaction Is complete, the acetone is removed In 
vacuo. The remaining aqueous solution is acidified, using concentrated KH2SO4 
solution, until a pH of 2-^ is reached. The product is then extracted several times 
using EA; the combined ethyi acetate fractions are washed with saturated NaCI 
solution and dried over NaS04, and the solvent is removed In vacuo. Crystallization 
ftx)m EA/pentane is canled out 

Exiampie 7: Kj-detennlnation 

. For Ki detemiination of glutaminyl pyrrolidine and glutamlnyl thiazoiidlne, 
dipeptidyl peptidase IV from porcine Iddney with a specific activity against glyc^prolyi- 
4-nitroaniline of 37.5 U/mg and an enzyme concentrafion of 1.41 mg/ml in the stock 
solution was used. 

Assay mixture: 

100 pi test compound in a concentration range of 1*10'° M - 1*10^ M were 
admixed with 50 pi glycyiproiyl-4-nltroaniline in different concentraSons (0.4 mM, 
0.2 mM, 0.1 mM. Q.05 mM) and 100 pi HEPE8 (40 mM. pH7.6; ion strengtii = 0.125). 
The assay mixture was pre-lncubated at 30 ''C for 30 min. After prs-incubaUon, 20 pi 
DPIV (1 :600 diluted) was added and measurement of yellow color development due to 
4-nltroanliine release was perfonmed at 30''C and = 405 nm for 1 0 min. using a plate 
reader (HTS7p00 plus, Applied Blosystems, WeHerstadt, Germany). 

The (Rvalues were calculated using Graphtt version 4.0.13, 4.0.13 and 4.0.15 
(Erithacus Software, Ltd, UK). 
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7.1 Results - K, values of DPIV Inhibition 



Compound 


Ki [NQ 






H-Asn-pyrrolldlne 


1^0*10^ 


H-Asn-thiazolidlne 


3.5*10"" 


H-Asp-pyrrolidine 


1.4*10"* 


H^Asp-thiazolidine 


2.9*10"* 


H-Asp(NHOH)-pyrrolldlne 


1.3*10r® 


H-Asp(NHOH)-thlazolidlne 


8.8*10r* 


hl-Glu-pyrroUdine 


2.2*10r* 


H-Glu-thiazolldine 


6.1*10"' 


H-Glu(NHOH)-pyrrolidine 


2.8*10® 


H-Glu(NHOH>-1hiaz6lidine 


1.7*10"^ 


H-Hls-pyrrolIdine 


3.5*1 ff* 


H-His-thiazolidlne 


1.8*10* 


H-Pro-pyrroHdlne- 


4.1*10* 


H-Pro-tiiiazolidine 


1.2*10* 


H-ile-azididine 


3.1*10* 


H-IIe-pyrrolldlne 


2.1*10' 


H-L-fhreo-ile-thiazolkline 


8.0*10" 


• ■ ft ri ■■ if * If mm 

H-L-a//b-lle-thiazolidine 


1.9*10' 


D-ffifBO-isoleucyi-thiazolidine-1ijmarate 


no inhibition 


I>d//(>isol6ucyi-4hiazolidine-fumarat6 


^ y.,. i_ »I_ #1.1 

noinhiDltion 


H-L-inreo-lle-tniazolidine-succinate 


5.1 1Gr^ 


M-L-inreo*ile-iniazoliaine*tar^ 


0.3 10 


H-L-inin9o»lla-tniazolidine*w 


8.3 Iflf^ 


n-L-fnreo-iie-tniazolidine-nydrocniona 




ri L. 41 11 W^IIC? U ilCuCViiUII lO^pl KJO|i#l iaW9 


1 IV., 


H-Val-pynnblldlne 


4.8*1 O^ 


H>Val-thiazolidine 


2.7*10r^ 


DiprotinA 


3.45*10* 


Oiprotin B 


2.24*10* 


Nva-Pro-lie 


6.irio* 


Cha-Pro-lle 


5.99*10* 


NIe-Pro-lle 


9.60*10* 


Phe-Pro-lle 


1.4ri0* 


Val-Pro-Val 


4.45*10* 
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lle-Pro-vai 


O.ZO 10 


Abu-Pro-iie 


o.7o 10 


lle-Pro-a//o-lle 


0.Z2 10 


r^m^ ^11^ II A 

val-Pro-af/o-il© 


y.54 10 


Tyr-Pro-a//o-lle 


1.82 10 


AOA-Pro-lle 


1.26 10 


f-butyl-Gly-Pro-lle 


a,10 10^ 


Ser(Bzl)-Prolle 


2.16*10 


Aze-Prolle 


A Al?*4 

2.05*10 


f-butyl-Gly-Pro-Val 


3.08*10 


Gln-Pyrr 


2.26*10^ 


Gin-Thia 


1.21*10^ 


VaI-Pro-M>utyl-Gly 


1.96*1 or 


f-butyl-Gly-Pro-Gly 


1.51*10 


lle-Pro-^-biJtyl-Gly 


1.89*10^ 


f-butyl-GIy-Pro-lleNH2 


5.60*10 


f-butyl-GIy-Pro-D-Val 


2.65*10 


f-butyl-Gly-Pro-f-butyl-Gly 


1.41 10 


lle-cyclopentyi ketone = 


6.29 10^ 


M>u^*Gly-cyclohexyl ketone 


2.73 10 


lle-cyclohexyl ketone 


O.DO 10 


Val-c^dopentyl ketone 


I.Ol 10 




A 76*10"® 


Val-Pro- acyloy methyl ketone 


1.05*10^ 


Val-Pro- benzoyl methyl ketone 


5.36*1 (T" 


Val-Pro-benzothlazol methyl ketone 


3.73*1(r» 


H-au-ThIa 


6.2*10'^ 


H-Gly(NHOH)-Thla 




H-Glu(Gly3)-Thfa 




H-Glu(GIy6>Thla 


9.93*10'* 


H-Glu(PEG)-Thla 


3.11*10"* 



t-bu^-Gly is defined as: 
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m 

Ser (P) and Ser (JBai) are deRned as phosphorylserlne and benzylserihe; Tyr (P) Is 
defined as phosporyttyrosbie. 

Example 8: Determination of ICso-Values 

100 Ml inhiUtor stock solution were mljced with 100 (il bujRier (HEPES pH7.6) 
and 50 pi substrate (Gty^Pro-pNA, final ooncenttation 0.4 mM) and pr^icubated at 
aO'C. Reactibn was started by addition of 20 pi purified p<x«ne DPiV. FonnaHon of 
ttte product pNA was measured at 405 rnn over 10 min using the HTS ZOOOPius pterte 
reader (Perldn Bmer) and slopes were calculated. The final Inhibitor concentrations 
ranged between 1 mM and 30 nM. For calculation of IC50 GraFIt 4.0.13 (Ei1lli€u»s 
Software) was used. 



6.1 Restrits -Determination of ICbo}^U0s 



Compound 


IC50DVI] 


Ito-thiazDOdlne fiimarate 


I^SMOr' 


Diprotin A 


4.69*10* 


Diprotin B 


5.54*10-* 


Phg-Pro-lle 


. 1.54*10"* 


Nva-Pro-lle 


2.49*10* 


Cha-Pro-lle 


2.03*10* 


NIe-Pro-lle 


2.19*10* 


Ser(P)-Pro-lle 


0.012 


TyftP)-Pro-lle 


0.002 


Phe-Pro-ile 


6.20*10* 


Trp-Pro-lle 


3.17*10"* 


Ser-Pro-lle 


2.81*10"* 
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Thr-Pro-lle 


1.00*10-* 


Val-Pro-Val 


1.64*10* 


lle-Pro-Val 


1.52*10-^ 


Abu-Pro-lle 


3.43*10-^ 


Plp-Pro-lle 


0.100 


lle-Pro-a/fe>-lle 


1.54*10-* 


Val-Pro-a//o-lle 


1.80*10-* 


Tyr-Pro-a/A)-lle 


6.41*10* 


AOA-Pro-lle 


4.21*10-® 


f-buM-Giy-Pro-lle 


9.34*10-® 


SeKBzlH^ile 


6.78*10* 


Tlo-Pro-lle 


0.001 


Om-Pro-lle 


2.16*10-* 


GIn-ThIa 


5.27*10* 


Aze-Pro-Ile 


7.28*10^ 


n©-Hyp-lle 


0.006 


t-butyl-Gly-Pro-Val 


1.38*10-^ 


GIn-Pyrr 


1.50*10* 


Val-Pro-f-butyl-Gly 


6.75*10* 


f-butjrt-Gly-Pro-Gly 


5.63*10* 


lle-Pro-f-butyl-Gly 


8.23*10* 


f-bufyl-Gly-Pro-lleNHz 


2.29*10* 


M>utyl-Gly-Pro-D-Val 


1.12*10-* 


f-butyl-GIy-Pro-i-butyl-Gly 


2.45*10* 


AlbKPrc>.|le 


no inhiUtion 


lle-cydopentyl ketone 


3.82r10r" 


f-butyl-Gly-cydohexyl ketone 


2:73*10-* 


lle^dohexyl ketone 


2.93*10"* 


Val-<yclopentyI ketone 


4.90*10* 


Val-cyciohexyl ketone 


0.001 


Val-Pro- methyl ketone 


5.79*10-^ 


Val-Pro- acyloxy methyl ketone 


1.02*10-* 


Val-Pro- benzoyl methyl ketone 


1.79*10* 


Val-Pro43enzothlazol methyl ketone 


1.38*10^ 
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Ser (P) and Ser (Bzl) are defined as phosphoryiserlne and benzytserine. Tyr (P) Is 
defined as phosporyftyrosine. 

Example 9: inhibition Of DPIV-Uke Enzymes - Dipeptildyl Peptidase II 

DP II (34.142) releases N-tsnnlnal dlpepOdes from dlgopepOdes If ttie N- 
terminus is not piofonated (McDonald, J.K., Ellis, S. & Reilly, TJ,. 1986, J. Bfctf. 
Chem., 241, 1494-1501). Pro and Ala in Pi-po^on are preferred residues. The 
enzyme activity Is described as DPiV-liice activity, but DP li has an acidic plH-optimum. 
The enzyme used was purified from porcine kidney. 

Assay: 

100 (ii giuteminyl pynroiidine or giutaminyi thi£ax)iidine in an concentration range 
of 1*10'^iVI - 5^10^ M were admixed with 100 |j| \A buffer solution (40 mi^ i^EPES, 
pH7.6, 0.015% Brij, 1 ml^il DTT). 50 pi iysylaianyiaminomethyicoumarine solution (5 
mM) and 20 pi porcine DP II (250fbld diluted in buffer solution). Fluorescence 
measurement wasperformed at aO'C and XaxeHagon = 380 nm, Xambdm ~ 465 nm for ^ 
min using a plate reader (HTS7000pius, Applied BR>systems, W^terstadt, Gemnar^). 
the Krvaiues were calculated using Gr£q[)hit 4.0.15 (Eithacus Software, Ltd., UK) and 
were detemnined as Ki = 8.52*10^ M ± 6.33*10^ M for giutaminyi pyrrolidine and Kj = 
LOriOr* M ± 3.81*10"^M fbrglutamlnylthlazolldlne. 

Example 10: Cross Reacting Enzymes 

Giutaminyi pymslidine or giutaminyi thlazolidine were tested for their cross 
reacting potency against dlpeptidyl peptidase f, prolyl oligopeptidase and Prolidase. 

DIpeptidyl peptidase I (DP I, ceAhepsin C): 
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DP I or cathepsin C is a lysosomal cysteine protease which cleaves off 
dipeptides from the N-termlnus of their substrates (Gutman, H.R. & Fruton. J.S., 1948, 
J. Biol: Chem., 174, 851-858) . it Is classified as a cysteine protease. The en^me 
used was purchased from Qiagen (QIagen Gmbi-i, Hilden, Gemiany). in order to get a 
fully active enzyme, the enzyme was diluted lOOOfold in MES buffer pH5,6 (40 mM 
MES, 4 mM DTT, 4 ml^ KCi, 2 mM EDTA. 0.015% Brij) and pre-incubated for 30 min 
at30*C. 

Assay: 

50 |jl giutamlnyl pyn'oiidlne or glutamlnyl thlazolldlne in a concentration range of 
I'lO'^M - 1*10'^M were admixed with 110 pi buffer-enzyme-mixture. The assay 
mbcture was pre-incubated at 30 "C for 15 min. After pre-incubatlon, 100 pi 
histldylseryl-pnitroaninne (2*1 O^M) was added and measurement of yellow color 
development due to p^nitroanlllne release was performed at 30''C and i^Riianon =^ 380 
nm, Xemission - 465 nm for 10 min.. using a plate reader (HTS7000 phis, AppHed 
Biosystems, Welterstadt, Gemiany). 

The IC so-values were calculated using Graphit 4.0.15 (Ertthacus Software, Ltd., 
UK). No Inhibition of the DP I enzyme activity by glutaminyl pynrofldine or gluteminyt 
thlazolldlne was found. 

Pidylollgopeptl(tose(POP) 

Prolyl oligopeptldase (EC 3.4.21.26) is a serine type endoprotease which 
cleaves off peptides at the N-temninal part of the Xaa-Pro bond (Walter, R., Shiank, H., 
■ Glass, J.D., Schwartz,I.L & Kerenyl, T.D., 1971, Scfence, 173, 827-829). Substrates 
are peptides with a molecular weight up to 3000 Da. The ens^me used was a 
recombinant human prolyl oligopeptldase. Recombinant expression was performed In 
E CO// under standard conditions as described elsewhere in the state of the art 
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Assay. 

100 pi glutamlnyl pyrrolidine or glutamln^ tiiiazolidlne in an concentration range 
of 1*10"* IW - 5*10-®M were admixed with 100 pi |Jl buffer solution (40 mM HEPES, 
pl47.6, 0.015% BriJ. 1 mM DTT) and 20 pi POP solution. The assay mixture was pre- 
incubated at 30 "C for 15 min. After pre-incubation, 50 pi gtyt^prolylprolyM- 
nitroanlline solution (0.29 mM) was added and measurement of yellow color 
development due to 4-nitroannine release was performed at SO'C and X - 405 nm for 
10 mfn using a plate reader (sunrise, Tecan, Cralishelm. Gennany). The IC so-values 
were calculated using GrapNt 4.0.15 (Erithacus Softwaret Ltd., UK). No inhit^n of 
POP activify by glutaminyl pyrrolidine or glutaminyl thiazolkiine was found. 

ProBdase (X-Pm cttpef^dasQ) 

Prolidase (EC 3.4.13.9) was first described t^ Bergmann & Fnrton (Beigmann, 
M. & Fruton. JS, 1937, J. Biol. Chem. 189-202). Prolidase releases theil-temnined 
amino add finom Xaa-Pro dipeptides and has a pH optimum between 6 and 9. 

Prolidase from porcine kidney (ION Biomedicals, Eschwege, Germany), was 
solved (Img/ml) in assay buffer (20mM Nli((CH3COO)2, 3mM MnCia, pH 7.6). In order 
to get a Mly active en2yme the solution was Incubated for 60 min at room 
temperature. 

Msay: 

450 pi glutaminyl pyntilldine or glutaminyl thiazolidine in an concentration range 
Of 5*10^ M - 5*10r^ M were admixed wittt 500 pi buffer solution (20mM 
NH4(Ci^COO)2. piH 7.6) and 250 pi lle-Pro-OH (0.5mM in tfie assay ml)cture). The 
assay mixture was pre-incubeted at 30 "C for 5 min. After pre-incubation, 75 pi 
Prolidase (1 :1 0 diluted in assay buffer) were added and measurement was performed 
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at 30'C and X » 220 nrh for 20 mln using a UV/Vis photomieter, UV1 (Themio 
Spectronic, Cambridge, UK). 

The iC eorvaluesrwere calculated using Graphtt 4.0.15 (Erithacus SfoRware, Ud., 
UK). They were detennined as IC n > 3mM for glufaminyl thlazolldlne and as IC » - 
3.4*10-^ ± 5.63*10* for glutamlnyl pyrrolidine. 



Example 11: Determination Of DPIV Inhibiting Activity After Intravasal And Oral 
Administration To Wlstar Rats 

Animals 

Male Wlstar rats (Shoe: Wist(Sho)) with a body weight ranging between 250 
and 350 g were purchased ftom TIerzucht Schdnwalde (Schdnwalde, Oennany). 

Hou^ng condHions 

Animals were single-caged under conventional conditions with controlled 
temperature (22±2 ®C) on a 12/12 hours light/dark cyde (light on at 06:00 AM). 
Standard pelleted Ohow (ssnifi* Soest. Gemiany) and tap water acidified with HCI 
were allowed ad libitum. 

(MmterbisertlonlntocaroUdea'tdiy 

After ^ne week of adaptation at the housing conditions, catheters were 
implanted into the carotid artery of Wlstar rats under general anaesthesia (l.p. injection 
of 0.25 ml/kg b.w. Rompun® [2 %], BayeiVital, Germany and 0.5 ml/kg b.w. Ketamin 
10, Atarost GmbH & Co., Twistringen, Gemiany). The animals were allowed to 
recover for one week. The catheters were flushed with heparin-sallne (100 iU/ml) 
thrse times per week. In case of catheter dysfunction, a second catheter was Inserted 



wo 03/002596 



PCT/Em2/07133 



63 

into the contra-lateral carotid artery of the respective rdt. After one week of recovery 
from surgery, this animal was reintegrated Into the study. In case of dysfunction of the 
second catheter, the animal was withdrawn from the study. A new animal was 
recruited and the experiments were continued in the planned sequence, beginning at 
least 7 days after catheter implantation. 

Rats with Intact catheter function were administered placebo (1 ml saline, 0.1 54 
mol/l) or te^ compound via the oral and the lntra->^8ai (intra-arteriaO route. 
After overnight fasting, 100 pi samples of heparinised arterial blood were collected at 
-30, -5, and 0 txm. The test substance was dissolved freshly in 1.0 mi saline (0.154 
moi/l) and was administered at 0 min either orally via a feeding tube (75 mm; Rne 
Science Tools, Heidelberg, Germany) or via the intra-vasai route. In the case of oral 
administration, an additional volume of 1 mi saline was Injected into the arterial 
catheter. In the case of intra-arterlai administration, the catheter was immediately 
flushed with 30 [i\ saline and an additional 1 ml of saline was given orally via tiie 
feeding \ube. 

After application of placebo or the test substences, arterial blood samples were 
taicen at 2.5, 5, 7.5, 10, 15, 20, 40. 60 and 120 min from the carotid catheter of the 
conscious unrestrained rats. All blood samples were collected into ice cooled 
Eppendorf tubes (Eppendorf-Netheler-Hinz, IHamburg. Gemnany) filled with 10 [A 1IVI 
sodium citrate bufler (pH 3.0) for plasma DPIV activity measurement Eppendorf 
tubes were centrifuged immediately (12000 rpm for 2 min. I-tetOch Zentrlfiige EBA 12, 
Tuttiingen; Germany): The plasma firactions were stored on ice until analysis or were 
frozen at -20 "^C until analysis. All plasma samples were labelled with the following 
data: 

• Code numt)er 

• Animal Number 



wo 03/002596 



PCT/EF02/07133 



64 

• Date of sampling 

• Time of sampling 

Analytical Methods 

The assay mixture for determination of piasma DPiV activity consisted of 80 pi 
reagent and 20 pi piasma sample. Kinetic measurement of tiie formation of the yeilow 
product 4-nitroanliine from the substrate giy(^proi^-4-nitroaniline was perfonned at 
390 nm for 1 min at 30 °C after 2 min pre-incul)a0on at the same temperaUire. The 
DPIV activity was expressed in mU/mi. 

Statistical methods 

Statistical evaluations and graphics were performed with PRiSIVl*^ 3.02 
(GraphPad Software, inc.). All parameters were analysed in a descriptive manner 
including mean and SD. 



11.1 Results - in vivo DPmnhMlon at tm» 



Structure 


Dose 

(mg/lcg) 


I.V. (%) 


p.o. (%) 


Gln-F>yn- 


100 


80 


67 


GIn-ThIa 


100 


88 


71 


DIprotin A 


100 


73 


no inhibition 


Dlprotin B 


100 


50 


no inhibition 


1Vr(P)-Pro-lle 


100 


37 


no inhibition 


f-butyi-Gly-Pro-lle 


100 


71 


28 


Hbo(y#-Giy-Pro-Val 


100 


72 


25 


AlshVal-Pro- 
Acyio)7methylketone 


100 


89 


86 


Ala-Val-Pro-Benzoyi- 


100 


97 


76 
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methylketone 








lle-cyciopenfyl-ketone 


100 


34 


15 



Example 12: Action Of Side Chaln-Modifled Glutamylthiazolidlnes As Non- 
Readlly-Transportable DPIV-inhibltors 

Side chain-modiRed glutamyithiazoHdines having a structure H-GluPQ-Ttiia 
were syntiiesised, witli polyethylene glycol or glydne oligomers of various chain 
iengttis toeing used as X (see Method A of example for description of syndesis). The 
binding characteristics of those derivatives and their transportability by flie peptide 
transporter PepT1 were investigated. 

Surprisingly, it was found that the side chain modifications alter the binding 
characteristics of the compounds to DPIV only to a slight extent, in contrast, the 
ability of the inhibitors to be transported by the p^tide transporter is dramatically 
diminished by the side chain modification. 

Side chain modified Inhibitors of DPIV or DPIV-lil<e enzymes are therefore weD 
suited to achieving site directed inhibition of DPIV In ttie body. 

12.1 Result: TmnsporUiMlltyofsi^ctedDPIV-lnhlbitors. 



Compound 


EC50 (mM) ' 


Imax(nA)' 


amino add Oilaxolldlnes 






H-lie-Thia 


0.98 


25±8 


H-Glu-Thia 


1.1 


35±13 


side chain-modWed glutamylthiazolidlnes 
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H-Gly(NHOH)-Thla 


3.18 


42+11 


H-Glu(Gly3)-Thia 


8.54 


n.d.^ 


H-GIu(Gly6)-Thla 


>10 




H-Glu(PEG)-Thla 


>10 


n.d.® 



^ Effective concentrations of the compounds inhibiting the binding of ^l-i-D-Phe-Ala 
(80mi\^) to PepTI -expressing P. pastoris ceils by 50 % (EC50 values) 

^ Transport characteristics at PepTI -pressing ooc^s of X leavis - by means of 
tMuo-electfxxle voltage damp mettiod, I » inward cunrente generated by the transport 

Example 13: Efficacy Of DlpepUdyl-Peptldase IV (DPIV; CD26) Inhibitors In . 
Models For Multiple Sclerosis 

13.1 Experiment 1: i.p. treatment (0-30 mg/kg b.w. IsoleuoyI thiazolidine fumarate/day) 
tmm day 1-15. Scores until day 15 p.L 

Materials and methods 

Animals 

For the first experiment female inbred Lewis rats (n « 50) with a mean body 
weight of 190 ± 6g, were obtair^d from Charles F^r (Bad Sulzfeld, Germany). 
Animals were randomly assigned to the different experimental conditions. Rats were 
housed four per cage under a 12:12 h light darlc c^de (lights off at 18:00 h) and at 
constant temperature (24*^0) in a specific pathogen free air-conditioned colony room 
with food (Aitromin lab chow pellets) and tap water available ad lib. The animals 
underwent routine cage maintenance once a weeic 
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Inducffon of EAE 

Guinea pig MBP (50 ^g/rat) was emulsified in Complete Freund's adjuvant 
(CFA) containing iieat-ldiled Mycobacterium tuberculosis (H37Ra; 225 ^g/rat) and 
Injected s.c. at the base of the tall In a total volume of 100 )il (12). CFA (Sigma) and 
heat-tdlled Mycobact&ium hjberculosis (H37Ra) were purchased from IM 
Technologies, Inc. (Rodo^lle, MD). Clinical disease was scored on the following scale: 
0.5: partial loss of tall tone; 1.0: complete tail atony; 2.0: hind limb weakness; 2.5: hind 
limb paralysis of one leg; 3.0: hind limb paralysis of l>oth legs; 3.5: ibnb paraly^ of 
ttvee legs; 4.0: qu^riplegta and moribund status; 5.0: death due to EAE. Experiments 
were tenninated on day 15 post immunization yNhen most of the animals were about 
48h after ma}dmal clinical score. The Inddence of adjuvant-induced arthritis was 
remarlcabiy low (n^O in the 1"* eqseriment) using the base of the tail as an 
immunization site. In general, animals ej^ibifjng signs of arthritis or not developing 
any signs of EAE or showing signs of peritonitis on autopsy were excluded firom 
furtfier analysis, in the first experiment no signs of arthritis and no sudden deaths 
and/or peritonitis due to repeated ip-injection were found. Two animals in tfie Img/kg- 
treatment-group did not develop dear signs of EAE (score > 1) and therefore were 
exduded from further analysis although this eventually might reflect a treatment effect 
immunization at the base of tail might cause acute inflammation, which in turn might 
affect the tone of the tail during the first days post immunization. 

^adsticeJ anaty&s 

Comparison over time between the dinicai course of EAE of the different 
treatment conditions was conduded using a two factorial analysis of variance 
(ANOVA) for repeated measures. Sums of clinical scores of EAE, onset and peak of 
disease were calculated on the basis of the clinical scores per day and analyzed using 
a one factorial ANOVA and post hoc Fisher's PLSD tests, if appropriate. Ail data are 
presented as means ± SEM. 



wo 03/002596 



PCT/EP02/07133 



68 

Results 

Effect of daily injections of isoieuc^ thiazdldine fumarate on clinicai course of 
EAE in Lewis rats 

Hie clinicai course of the EAE is iliustrated in Figure 1 . Two factor ANOVA for 
repeated measures (treatment x dinicai scores, over time) revealed a s^nificant 
interaction of the two factors (F(4,56) » 1.7; p = 0.001) indicating a dHferential course 
of the disease. This interaction is most prol>abty due to the feet that inhibitor 
treatment aggravated the Initial course of EAE vMb it improved recovery from 
disease. 

Separate one factor ANOVAs split by day revealed ^nificant (day 11: F(4,43) 
- 2.8; p < 0.05; day 12: F(4,43) = 3.0; p < 0.05) disease-aggravating effects at the 
Img dosage on days 11 and 12 post immunization (p.l.), while the lOmg dose 
signiflcanfly (F(4.43) - 4.8; p < 0.001) reduced clinical score at day 15 p.i. This again 
indicates that the inhibitor initially tends to aggravate the disease while at later steges 
it results in an accelerated recovery firom disease. Furttier analysis of Icey parameter 
derived from Vne clinical course demonstrated that inhibitor treatment at the lOmg/lcg 
dosage ^ortened the latency until onset of disease for about 1 day. 

. Condu^m 

Daily intraperitoneal treatment wHh tiie DPiV-inhibitor isoieucyl thiazoiidine 
fiimarate over a wide range of dosages in Lewis rats fDr a period of 15 days post 
immunization witti MBP in CPA showed tiiat tiie drug iiUtially aggravates and during 
recovery phase improves tiie clinical course of tiie disease. It is possible tiiat initial 
proHnfiammatory effecte during acute disease may svy^ch into anti-infiammatory or 
other clinics Improving effects after reaching peak of disease. These late effects may 
overall be beneficial. Furtiier experiments will test tills hypottiesis by comparing 
^early" vs. "late" or "induction" vs. "ongoing" disease effects. 
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13.2 Experiment 2: i.p. treatment (0-30 mg/kg b.w. isoleucyl thiazolldlne 
fUmarate/day) from day &-15. Scores until day 21 pJ. 

Materials and methods 

Anknals 

For the second experiment, male inbred Lewis rats (n - 50) with a mean body 
weight of 230 1 12g, were obtained linom Charles River (Bad Suizfeld. Gennany). 
Animals were randomly assigned to the different expei^fnentai oondlQons. Rats were 
housed four per cage under a 12:12 h light dark cyde (lights off at 18:00 h) and at 
constant temperature (24**C) in a specific pathogen free air-conditioned colony room 
vMx food (Aitromin lab chow pellets) and tap water available ad lib. The animals 
underwent routine cage maintenance once a week. 

InduoSon ofEAE 

Guinea pig MBP (50 (ig/rat) was emulsified in Complete Freund's adjuvant 
(CFA) containing heat-killed Mycobacterium tuberculosis (H37Ra; 225 pg/rat) and 
injected s.c. at the base of the tail in a total volume of 100 |il (12). CFA (Sigma) and 
heat-kilied Mycobacterium tuberculosb (l437Ra) were purchased from Life 
Technologies, inc. (Rockvilie, MD). CHnteal disease was scored on the fbitowing 
scale: 0.5: partial bss of tail tone; 1.0: complete tail atony; 2.0: hind limb weakness; 
2.5: hind limb paralysis of one leg; 3.0: hind limb paralysis of both legs; 3.5: Smb 
paralysis of three legs; 4.0: quadriplegia and moribund status; 5.0: death due to EAE. 
Experiments were terminated on day 21 po^ immunization (p.i.). 



Gen&ral ob^rvatlons during EAE In the second e)q?wiment 
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The incidence of adjuvant-Induced artliritis was remarkably low (n^O in the 2"*^ 
experiment) using the base of the tail as an Immunization site, in the second 
experiment no signs of arthritis were found. Surprisingly, and similar in comparison 
with the first experiment, four animals in the 1mg/i<g-'treatment-group did not develop 
clear signs of EAE (score > 1). This time, these animals remained in the analysis, 
because this finding is probably due to the treatment. In this experiment a 
phenomenon called "disease dissociation'' was observed. In several animals there 
was a dear tonus of the tail associated with a dear weakness of the hind limbs. The 
animals were scored maximal, i.e. 2. 

Stotlstlcal analysis 

Comparison over time between the clinical course of EAE of the different 
treatment conditions was conducted using a two fadorial analysis of variance 
(ANOVA) for repeated measures. Sums of clinical scores of EAE, onset and peak of 
disease were calculated on the basis of the dinicai scores per day and analyzed using 
a one fadorial ANOVA and post hoc Fisher's PLSD tests, if appropriate. Ail data are 
presented as means ± SEM. 

Results 

Effed of daily injections of isoleucyi thiazoiidine fumarate during ongoing EAE in male 
Lewis rats 

The clinical course of the EAE Is illustrated in Figure 3. Two factor ANOVA for 
repeated measures (treatment x clinical scores over time) revealed a significant effed 
for the fador treatment (F(4,45) = 4.3; p = 0.0048) and a significant interaction of the 
two fadors (F(4,45) = 3.5; p < 0.0001) Indicating a differential course of the disease. 
This interaction is most probably due to the fact that low dose Inhibitor treatment 
aggravated or even Induced" an eariy peak In the initial course of EAE while high 
dose Improved deary inhibited the acute phase of the disease. Separate one fector 
ANOVAs split by day revealed significant disease aggravating efi^s in two peaks of 
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ttie disease. The 3mg and 10mg dosages induced a significant first pealc of disease 
activity direcQy after initiation of treatment on days 6-9 (see figure 3; day 6: F(4,41) » 
6.7; p = 0.0003; day 7: F(4,41) = 13.4; p < 0.0001; day 8: F(4,41) « 10.0; p < 0.0001; 
day 9: F(4,41) s 6.o; p = 0.0007). In the second pealc, ttie "dassicai acute EAP, 
wiiich was more severe than the first one, tt)e Img dose aggravate the dinicai scores 
virtiiie the high dosage of 30mg/i<g ^rted significant delaying and ameliorating effects 
(see figure 4; day 10: F(4,41) = 16; p < 0.0001; day 11: F(4,41) = 13.5; p < 0.0001; 
day 12: F(4,41) = 8.0; p < 0.0001; day 13: F(4,43) = 3.4; p = 0.017). This indicates 
proinflammatory effects of low dose inhibitor treatment while high dose inhibitior acts 
protective or anti-infiammatory-lilce in this model of MS. Further analysis of key 
parameters derived from the dinicai course demonstrated that inhibitor treatment at 
the 1mg/i^ dosage exerts pro-inflammatory effects while 30mg/kg mediated 
protective-liice or anti-foiflammatory effects vtrith a delay in the onset 

1 Clinical scores of EAE in male Lewis rats treated from days 5-1 5(21 ) p.l. 



isoleucyi thiazolidine fumarate 



Scores 


Omg/k 


Img/kg 


3mg/l;g 


10mg/l(g 


30mg^ 


Onset of disease 


g 

11.8 


10.3* 


12.0 


12.1 


14.0*** 


(1st day of score >1 ) 












Ma}dmal score 


2.6 


2.8 


3.0 


2.1 


2.0* 


Sum of scores 


10.2 


14.2* 


12.0 


10.8 


5.6** 


Average score 


0.68 


0.96* 


0.8 


0.72 


0.37** 



The various key parameters derived from EAE scores significantly differ in rate 
treated with different dosages of isoieucyi tiilazolidine fumarate from days 5-15. 
Proinflammatory effects of Img and anti-biflammatory effects of 30mg/i^ are 
evident Data represent means. *p<O.OS, **p<0.01, ***p<0.0001 vs. control. 
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Conclusion 

This experiment InvesOgated the effects of daily intraperitoneai treatment with 
the DPiV-inhibitor isoleucyl thiscmiidine fumarate over a v^de range of dosages in 
maie Lewis rats for 10 days with the treatment t>eing initiated at day 5 post 
immunization with MBP in CPA. Treatment caused a significant dose-dependent and 
bimodai treatment effect in this design and nruKiei for MS. Low dose (Img) of the drug 
initially aggravates the acute phase of EAE. Moderate dose of l8oleu(^ thiazolidlne 
fumarate (3 and 10mg) induces an early "^rst peaid' of disease directly after initiation 
of disease, suggestive for direct pro-inflammatory effects in vivo. High dose of the 
drug (30mg) exerts dearly a potent anti-inflammatory effect and a delay in the onset of 
disease. 

13.3 Experiment 3: i.v. treatment during ongoing disease; 0-50 nmol isoleucyl 
ffilazolldine funarate/5 til pertat daily fiom days 5-15) 

Mat&ials and meOiod 

ArAimds 

For the 3"* experiment female inbred Lewis rate (n = 50) with a mean body weight of 
201 t 5g. were obtained ftom Charies IRiver, Germany. Animals were randomly 
assigned to the different experimental conditions. FRate were housed four por cage 
under a 12:12 h light daric cyde (iighte off at 18:00 h) and at constant temperature 
(24<'C) in a specific pathogen free air-conditioned ooiony room with food (Attromin lab 
chow pellets) and tap water available ad lib. The animals underwent routine cage 
maintenance once a weei(. 

Surgery and Lev. afH)licati(m 
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Under ketamlne/)(ylasine (100/5 mg/kg, i.p.) anesthesia, the rats were fixed in a Kapf 
stereotaxic frame and implanted with cannuiae (RasUc One, inc., Roanoice, VA, USA) 
above tiie lateral ventricle, (coordinates: A:-0.7mm caudal, L:1.4mm lateral to bregma; 
and V:3.2mm ventral to the skull surface; tooth bar +3.0 above ear bars) using 
standard stereota}dc procedures as described In detail elsewhere. After a 4-day 
recovery period, rats were habituated to experimental handling by daily sham 
injections for another three days. On day seven after i.cv. cannula implantation. EAE 
was induced 

Induction of EAE 

Guinea pig MBP (50 iig/rat) was emulsified in Complete Freund's adjuvant (CPA) 
containing heat-kiiied Myootx^<^rium hibensuhsis (H37Ra; 225 ^rat) and injected 
s.c. at the base of the tail In a total volume of 100 ^1 (12). CPA (Sigma) and heat-Mlled 
Mycobacterium tuberculosis (H37Ra) were purchased from Ufe Technologies, Inc. 
(Rockvilie, MD). Clinical disease was scored on the following scale: 0.5: partial loss of 
tall tone; 1.0: complete tail atony; 1.5: complete tail atony and weakness of one hind 
limb; 2.0: weakness of both hind limbs; 2.5: hind limb weakness and paralysis of one 
hind leg; 3.0: paralysis of both hind legs; 3.5: limb paralysis of three legs; 4.0: 
quadriplegia and moribund status; 5.0: death due to EAE. Experiments were 
temnlnated on day 1 5 post Inununteation (p.i.). 

General observations during EAE in ttie 3^ experiment 

in the 3"* experiment no signs of arthritijs were found. One animsri of the vehk^e control 
group lost the lcv-<»nnuia and was e}«;luded from further analysis. All other animals 
tolerated the treatment without any signs of aversiveness or sickness. 

Statistical analysis 
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Comparison over time between the dinical courses of EAE of the difforant tcBatment 
conditions was conducted using a two factorial analysts of variance (/^OVA) for 
. repeated measures. Sums of clinical scores of EAE, onset and peak of disease were 
calculated on Vt\e fcrasis of the clinical scores per day and analyzed using a one 
factorial ANOVA and post hoc Fisher's PLSD tests, if appropriate. M data are 
presented as means ± SEM. 

Result 

Effect of daily lev injections of isoleu(^l thiazoiidlne fumarate during ongoing EAE in 
female Lewis rats 

The dinical course of the EAE is Rlustrated in Figure 5. Two factor ANOVA for 
repeated measures (treatment x clinical scores over time) revealed a ^nificant effect 
for the factor treatment (F(4,56) » 3.0; p = 0.03) and a significant interaction of the tuR> 
factors (F(4,56) « 2.1; p < 0.0001) indicating a differenfiai course of the disease. This 
interaction is most probably due to tiie fact that all dosages of the compound delayed 
and/or ameliorated the dinical course of EAE. 

Further analysis of key parameter derived from the dinical course demonstrated that 
inhibitor treatment exerted anti-Inflammatory effects on ail parameters investigated 
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Clinical score of EAE In female Lewis rats treated lev from day 5-15 p.l. 



isoleucyl thia2x>Ildine fiimarate 
Scores Onmol 0.5 nmol 5nmol 10 nmol 50 nmot 



Onset of disease (1 st 


9.6 


10.5 


11.2* 


12.6** 


13.5*** 


day of score 1) 












Maximal score 


2.5 


2.75 


2.0 


2.0 


1.6* 


Sum of scores 


11.5 


10.6 


6.5* 


6.r 


4.9** 


Average score 


0.76 


0.7 


0.44* 


0.45* 


0.31** ^ 



The various key parameters derived from EAE scores signlficanffy differ in rats treated with 
different dosages of Isoleuc^ tliiazolidine fiimarate from days 5-15. Dose-dependent and 
potent anti-Inflammatory efliects of 5-SO nmol are evident Data rspreswit means. *p<0.05, 
•*p<0.01, ***p<0.0001 vs. oontiol. 



Oxiduslon 

This experiment investigated the effects of daily lev treatment with the DPIV- 
Inhitiitor isoleucyl thiazdidine fiimarate over a wide range of dosages in female 
rats for 10 days With the treatment b^ng conducted from day 5-15 post 
immunization with MBP in CPA. This design was aimed at investigating the effects 
of the drug on the c^uiar components constituting the local Inflammation wlttiin 
the CNS during EAE. lev treatment witfi 5-50nmol dosages of Isoleuc^ thiazolidine 
fiimarate caused a dose-dependent anti-inflammatory effect These findings 
showpotent anti-inflammatory effect 
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Claims 

1 . Use of at least one inhibitor of dipeptidyl peptidase IV (DPIV) or DPIV-IIke enzyme 
activity for reducing an immune, autoimmune or central nervous system related 
disorder selected from the group con^stlng of strotces, ischemia. Parkinson's 
disease, multiple sclerosis and migraines. 

2. The use according to daim 1 , wherein the disorder is multiple sclerosis. 

3. The use according to claims 1 or 2. wherein the dkieptidyl peptidase iV-iike 
enzyme is selected from the group consisting of fibroblast activation protein a, 
dipeptidyi peptidase IV p, dipepfa'dyi aminopeptidase-iike protein, N-acetylated a- 
linked acidic dipeptidase, quiescent cell proline dipeptidase, dipeptidyi peptidase 
II, attractin, dipeptidyi peptidase IV related protein (OF^ 8), dipeptid^ peptidase 9 
(DPP 9), KIAA1492, DPRP1 , DPRP2 and DPRP3. 

4. The use according to any one of tiie preceding claims, wherein tiie structure of 
' the dkieptidyl peptidase IV-iIke enzyme is undiscovered. 

5. The use according to any one of the preceding claims, wherein the inhibitor is a 
dipeptide compound Ibnned from an amino acid and a thiazolidlne or pyrrolidine 
group, and salts thereof. 

6. The. use according to any one of tiie preceding claims, wher^n the dipeptide 
compound is selected from tiie group consisting of L-tf?/8o-lsoleucyi pynoiidine, L- 
e//o-lsoleucyl thiazolldine, 1-a//o-lsoleucyl pyn^olydlne, L-glutamlnyi flilazolidlne, L- 
giutaminyl pyn-olidlne, L-glutemic acid tiiiazoiidine, L-^lutamlc acid pyntrildine and 
salte thereof. 
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7. The use aooording to any one of claims 1 to 4, wherein the inhibitor Is a peptide 
compound usefUl for oompetstlve modulation of dipeptidyi peptidase iV catalysis 
represented by the general fbrmula 

wherein 

A is an amino acid except a D-amino acid; 

B is an amino add selected from Pro, Ala, Ser, Giy, IHyp, acetidine-(2)- 
cariK>}^lic acid and pipecollc add, 

C is any amino acid except Pro, Hyp, acetidine-(2)-carboxylic add, 
pipecollc add and 6)ccept IM-ailcylated amino acids, e.g. t^ethyi valine and 
saroosine, 

D is any amino add or missing, and 

E is any amino add or missing, 

or 

C is any amino acid except Pro, IHyp, acetidlne-(2)-cart)oxylic add, 
pipecollc add, accept N-ail^ated amino adds. e.g. Nnneti^ \^ine and 
sarcosine and except a D^mlno-add; 

D is any amino add selected from Pro, Ala, Set, Gly. Hyp. acetidine-(2)> 
carboxyfic acid and pipecollc add, and 

E is any amino add accept Pro, Hyp, aceQdine-(2>carboxyIlc add, 
pipecollc add and except Ivl-allcylatsd amino adds, e.g. N-methyl valine and 
sarcosine. 



8. The use according to any one of daims 1 to 4, wher^ the Inhibitor is a 
peptidyilcetone represented by the general fonnula 
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is H or an acyi or oxycarbonyl group or an amino add or peptide residue, 

is H. -(CHVNH-CsHaN-Y with n^-4 or CsHsN-Y (a divaient pyridyl residue) and Y is 

selected from H, Br, CI, I. NOz or CN, 

is 1^ or a phenyl or pyridyl reddue, unsubstituted or substihJted with one. two or 

more alicyl, aiicoxy. halogen, nitro, cyano or carboxy residues, 
X* is IH or a phenyl or pyridyf residue, unsutjstituted or substituted wdth one, two or 

more alicyi, aiia)xy, halogen, nltro, <^no or cartxncy residues, 
)^ is H or an aii^, aiicojQir or phenyl residue, 

is H or an alicyl residue. 

forn = 1 

Xls selected ffxjm: H, 0R^ SR^ NR^R*. N*R^RV, wherein: 

R^ stands for acyi residues, which are unsubstituted or substituted with one, two or' 
more all<yl, cycloali^l, aryl or heteroaryl residues, or for ail amino acids and peptidic 
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residues, or alkyi residues, which are unsubstituted or suljstituted with one. two or 
more allcyl, cycioalkyt, aryl and heteroaryi residues, 

stands for alicyl and acyl functions, wherein R^and R^ may be part of one or more 
ring stmctures of saturated and unsaturated carfoocydlc or heterocyclic stnictures, 

stands for ailcyt residues, wherein if^ and R* or R^ and R* may be part of one or 
more ring structures of saturated and unsaturated caibocydic or heterocyclic 
structures, 

fornaO 
X is seiec^ from: 




wherein 

B stands for. O. S, NR^ wherein R^ Is H, an allcyiiden or aa^, 

C. D, E, F. G, H are independently selected from unsubstituted and substituted aii(yl, 
oxyailcyl, thioallcyi, aminoali(yl, carfx)nyiail<yi, acyl, carbamoyl,, aryi and heteroaryi 
.residues; and 

forn»Oandnsl 

Z Is selected from H, or a brandied or single chain all^ residue from Ci-Cg or a 
branched or single chain alkmyi residue from CrCe, a cycioaikyi residue from Cr 
Cs, a cycloaiken^ residue from Ce-Cj, an aryi- or heteroaryi residue, or a skie diain 
selected from all side chains of all natural amino acids or derivatives thereof. 
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9. The use according to any one of claims 1 to 4 wherein the inhibitor is a 
aminolcetone derivative represented by the general fomnulas 5. 6, 7. 8. 9, 10 and 11, 
including all stereoisomers and phamiaceuticai acceptable salts thereof, 



8 




wherein: 

is H. a branched or linear Ci-Cs aikyi residue, a branched or linear CrCo alkenyi • 
residue, a Cyd cycloalkyt- , Cs-Ct cydoalkenyl-. aryl- or heteroaryl residue or a side 
chain of a natural amino acid or a derivative thereof, 
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and are independently selected from H, hydroxy, alkyi, aikoxy, arytoxy, nitro, 
(^ano or halogen, 

A Is H or an Isoster of an carbonic actd, tike a functiona) group selected from CN. SO3H, 
CONHOH, POsR^R^, tetrazole. amide, ester, anhydride, thiazole and Imidazole. 

B Is selected from: 




wherein : 

R* Is H, -(CHVNH-CsHaN-Y with na2-4 and C5H3N-Y (a divalent pyrldyl residue) with Y 
= H,Br,CI,l,NO2 0rCN, 

R^^ is H, an acyi, oxycartwnyl or a amino add residue . 

W is H or a phenyl or pyridyl residue. unsut)stttuted or sutxstituted with one, two or more 
ail^, ali((»(y, halogen, nitro, cyano or carbo9^ residues. 

is H, an alkyI, alkoxy or phenyl residue, 

Z is H or a phenyl or pyndyi residue, unsubstituted or substituted with one, two or more 
alkyi, alkoxy, halogen, nitro, cyano or carboxy residues, 

is H or an alk^ residue, 
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D is a cyclic C4-C7 alkyi, C4-C7 alkenyl residue which can be unsubstRuted or substituted 
with one. two or more alicyl groups or a cyclic 4-7-membered heteroall^ or a cydte 4-7- 
membered heteroaikanyl residue, 

X^lsO,NR®,N*(R%orS, 

to are independently selected from CH2. CR^R', NR®. N*(R^)2. 0. S, SO and SO2, 
. Including all saturated and unsaturated structures. 

R', R"^, R', R^ are Independently selected from H, a branched or linear C1-C9 alkyI 
residue, a branched or linear Ca-Cs alkenyl residue, a Ca-Cs cydoaikyl residue, a Cs-Cr 
c^cloaikenyi residue, an aryi orheteroaryl residue, 

wittt the foiiowing provisions: 

Fomiula 6: X® is CH if A Is not H, 
Fonnula 7: X^° is C if A Is not H, 
Fomnuia 8: X^ is CH if A is not H, 
Formula 9: X^* Is C if A Is not H. 

10. The use according to any one of claims 1 to 4, wher^ the inhibitor of DPiV or 
DPIV-like ervzyme activity is represented by the general Ibrmuia, 




including all stereoisomers and phanmaceutlcal acceptable salts thereof, 
wherein 

A is an amino acid having at least one functional group In the ^de chain, 
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B is a chemical ccMTtpound covaierrtly ix>und to at least one functional group of the side 
cliain of A, especially 

- an oligopeptide having a chain length of up to 20 amino acids, or 

- a polyethylene glycol having a molar mass of up to 20 000 g/mol, 

- an optionally substituted organic amine, amide, alcohol, add or aromatic compound 
having from 8 to 50 C atoms and 

C Is a thiazolidine, pynolidine, .(^nopyrrolidine, hydro}Q^prolins, dehydroproline or 
piperidine group amide-ix>und to A. 

11. The use according to claim 10, wherein A is an amino acid, preferably an a-am)no 
acid, especially a natural a-amino add having at least one functional group in the side 
chain selected from the group consisting of threonine, tyrosine, serine, arginlne, ly^e, 
asparOc add, glutomic add or cysteine. 

1 2. Tlie use according to any one of the preceding claims, vifherein said inhibitor Is a 
pharmaceutical composition comprising a pharmaceuticaliy acceptable carrier or diluent 
and a therapeutically effective amount of a said inhibitor or a pharmaceuticaliy 
acceptable acid addition salt thereof. 

13. The use according to any one of the preceding daims, wherein the inhibitor is 
used In combination with a phannaceutically acceptable carrier and/or diluent 
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. EAE clinical score 




isoleucyi thiazolidine fumarate [mg/kg] 
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